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GENOMIC RESOURCE DEVELOPMENT  
AND CANDIDATE GENE EVALUATION  
IN FRAGARIA VESCA (L.). 
by 
MELANIE EILEEN SHIELDS 
University of New Hampshire, December, 2015 
 
The wild strawberry Fragaria vesca (L. Rosaceae) is an important diploid model 
plant system for the study of processes associated with crop production, plant 
physiology, and cultivar development of the octoploid cultivated strawberry (F. 
×ananassa), an economically important crop plant. A fosmid clone library developed 
from F. vesca ssp. americana ‘Pawtuckaway’, and a mapping population of 96 F2 
progeny (YPF2) resulting from a cross of F. vesca ssp. semperflorens “Yellow Wonder’ 
with F. vesca ssp. americana ‘Pawtuckaway’, were employed to further develop genetic 
and genomic resources and advance the search for the molecular identity of the 
classically defined fruit color (c) locus, in Fragaria vesca.
xxii 
 
The F. vesca ssp. americana 'Pawtuckaway’ fosmid clone library provided an 
early genomics-level resource for the improvement of the cultivated strawberry. The 
sequence from twenty gene-targeted fosmid inserts allowed characterization of 0.71 Mb 
of gene space for F. vesca. The study identified a total of 120 protein-encoding genes or 
pseudogenes, indicating that the strawberry genome is gene-dense, with an average of 
one gene per 5.9 Kb. This report provides a high-resolution depiction of the structure 
and content of the targeted gene neighborhoods. 
Utilizing both the YPF2 mapping population and two of the clones from the 
fosmid library, the continuing search for the molecular identity of the fruit color locus 
was pursued. In this population, recombination was found between the previously 
suggested candidate gene, Flavanone 3-hydroxylase (F3H), and the c locus on linkage 
group I (LG1), eliminating F3H as a viable candidate for identity to the fruit color locus. 
As a part of this investigation, the gene space for the F3H neighborhood was elucidated 
and annotated. Additionally, a genetic linkage map was constructed with 53 loci 
representing 61 PCR-based markers distributed across the seven F. vesca linkage 
groups, with a total length of 403.6 cM. Linkage group I was fine mapped, and in the 
process of searching for alternate candidate genes for the fruit color locus, mapping of a 
Myb-like gene on the YPF2 population and on an independent, YPF2A, mapping 
population supported it as a strong candidate, based on both position and likely 
function. Thus, an avenue is defined for future research aimed at defining the molecular 
identity of the c locus. 
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Finally, using the YPF2 mapping population and the Affymetrix IStraw90® Axiom® 
array, a reasonably high-density linkage map (3.77 cM/locus) was defined by 167 loci 
representing 987 SNP-based markers across seven linkage groups, with a total length 
of 623.2 cM. Thus, the IStraw90 SNP array was shown for the first time to be a viable 
genotyping tool in a strawberry species other than those upon which its design was 
based. Significant segregation distortion in the YPF2 population was found to strongly 
and systematically favor the maternally derived alleles. A high degree of synteny 
(87.2%) was seen between this F. vesca YPF2 map’s linkage groups and the F. vesca 
ssp. vesca ‘Hawaii’ v.1.1 pseudochromosomes. This new map is the first SNP-based 
linkage map for the F. vesca model system, thereby facilitating informative, trans-




This project originated as an investigation into the molecular identity of 
the Fragaria vesca (strawberry) fruit color locus. In a prior study, the Flavanone 3-
hydroxylase (F3H) gene, a key component of the anthocyanin biosynthetic pathway, 
was implicated as the likely molecular identity of the classically defined c locus (Deng 
and Davis 2001a). In F. vesca, yellow fruit color is known to be conferred by a single 
genetic locus, where red (C) is dominant to yellow (c) color (Richardson 1923). If the 
dominant C allele is present, the fruit will be red; if not, the fruit will be yellow/white. In 
Deng’s mapping populations, segregating for red versus yellow fruit color, F3H was 
found to be linked without recombination to the c locus on linkage group I (LG1) (Deng 
and Davis 2001a). 
In an attempt to confirm the proposed identity of the color locus, using a 
previously developed fosmid library (Shields and Davis 2005), the current project 
developed into a broader examination of gene neighborhoods, targeting specific genes 
of interest relevant to horticultural and fruit quality traits, among these, the F3H gene 
neighborhood. Additionally, with the introduction of new genetic resources, the F. vesca 
ssp. vesca  ‘Hawaii’ genome sequence (Shulaev et al. 2011) and the Affymetrix 
IStraw90® Axiom® SNP Array (Bassil and Davis et al. 2015), a denser linkage map of F. 




F. vesca, the model species used in this study, has a small genome of 
approximately 240 Mb (Shulaev et al. 2011), has both yellow- and red-fruited varieties, 
and has readily available genomic resources. This diploid (2n=2x=14) species has been 
implicated as an ancestral subgenome donor to the octoploid  (2n=8x=56) strawberry F. 
×ananassa, as well as to its octoploid progenitors F. chiloensis and F. virginiana 
(Rousseau-Gueutin et al. 2009). As such, F. vesca provides the opportunity to analyze 
a simpler genome as an appropriate paradigm for understanding the more complex 
octoploid genome of the cultivated strawberry.  
As a major producer of cultivated strawberries (Fragaria ×ananassa), the United 
States has maintained a 25-30% share of the world market for greater than two 
decades (USDA-ERS 2013). Strawberries are our fourth most valuable fruit and nut 
crop (Perez and Plattner 2015a), trailing only almonds, grapes and apples and the US 
produced more than 1.5 million tons of strawberries (Perez and Plattner 2015b), worth 
an estimated $2.86 billion, in 2014 (Perez and Plattner 2015a). Consumer’s perception 
of the cultivated strawberry fruit’s quality enhances its economic value. Accordingly, the 
maintenance and/or improvement of fruit quality are important objectives of strawberry 
breeding programs. Fruit color, a highly noticeable aspect of fruit quality, is a major 
component of the visual appeal, and ultimately of the economic value, of cultivated 
strawberries.  
The foundation for this dissertation is our fosmid clone library, created as part of 
my Master’s research (Shields and Davis 2005). As an evident possessor of the C 
allele, red-fruited Fragaria vesca ssp. americana ‘Pawtuckaway’ had been chosen to 
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construct the fosmid library. This library provided the primary genomic resource for 
Chapter I, which was previously published in BMC Plant Biology (Davis et al. 2010). 
This study targeted particular genes in relation to their application to horticultural and 
fruit quality traits, such as flowering, metabolic pathways, and disease resistance, 
examining the genomic sequences and flanking gene neighborhoods. The report 
presents a detailed picture of 20 genomic regions, providing the identification and 
annotation of putative genes, pseudogenes, and repetitive elements, for an expanse of 
0.71 Mb of DNA sequence. 
Chapter II describes our ongoing effort to establish the molecular identity of the 
yellow fruit color (c) locus in F. vesca. It is reasonable to speculate that the C locus also 
exists in the octoploid, cultivated strawberry, and that allelic variation at the several 
copies of this locus expected in an octoploid could contribute to the range of fruit color 
variation in this economically important species. The genetic basis of fruit color in the 
cultivated strawberry, F. ×ananassa, is poorly understood, predominantly due to its 
complex octoploid genome. Exploring the color locus by using F. vesca, a relevant, 
ancestral diploid species, the research is greatly simplified. Thus, the resulting 
knowledge from F. vesca is expected to help us address the needs of the strawberry 
fruit industry to improve fruit quality, specifically fruit color, in the cultivated strawberry. 
The initial approach to this facet of the study was to determine if the F3H gene 
was the color locus, by confirming the fidelity of this association in an independent data 
set. If the F3H gene were found not to be identical with the color locus, a search would 
continue for a suitable candidate gene (or genes) in the C locus region of Linkage 
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Group I.  Candidate genes would need to plausibly play a pertinent role in fruit color 
development that could be evaluated by genetic linkage association between particular 
alleles of genes involved either in the synthesis of anthocyanin pigments, or that could 
exert an influence on fruit color.  
Fosmid clones 01H23 and 53O01, having been previously identified as spanning 
the F3H gene neighborhood (Shields and Davis 2005), were isolated, subcloned, 
sequenced and characterized. As with the other targeted regions described in Chapter I, 
putative genes, pseudogenes, and repetitive elements were sought and annotated 
where found, for an expanse of an additional 75 Kb of DNA sequence. Using this fosmid 
sequence, gene pair markers were developed at sites flanking the F3H gene.  
A new mapping population, similar to one of Deng’s (2001a; 2001b), was 
produced by crossing the maternal yellow-fruited form of the ‘Alpine’ strawberry, 
Fragaria vesca ssp. semperflorens 'Yellow Wonder’ (Y) with a wild, red-fruited variety, 
this time using a different subspecies, F. vesca ssp. americana ‘Pawtuckaway’ (P). A 
self-crossed F1 individual provided an F2 mapping population segregating for fruit color. 
This F2 population, designated YPF2, was used to assess association between these 
F3H molecular markers and the fruit color locus. Where Deng had found no 
recombination between F3H and the color locus (Deng and Davis 2001a) in his 
populations, mapping results from this cross made it apparent that recombination did, 
indeed, exist. With these results, reported by Shields and Davis (2009), it became 
necessary to continue looking for a suitable candidate gene for the color locus. 
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Structural and regulatory genes in the anthocyanin biosynthetic pathway were 
identified (Holton and Cornish 1995; Manning 1998) and nucleotide sequence from a 
variety of model organisms, including Arabidopsis, grape, and apple, among others, 
was used to identify homologues in Fragaria using the then recently published the F. 
vesca ssp. vesca ‘Hawaii’ (FvH4) genome sequence (Shulaev et al. 2011). Publication 
of and availability of this sequence on the Genome Database for Rosaceae (GDR) 
(Jung et al. 2014) enhanced the search for potential candidates. Results from this 
search were winnowed against genes that were to be found on LG1, as well as those 
that had already been eliminated by prior research (Deng and Davis 2001a). What 
remained was a short list of regulatory genes: a basic helix-loop-helix (bHLH) gene 
designated as RAN (for regulation of anthocyanin biosynthetic pathway) (Deng & Davis 
2001), two UDP-rhamnose: rhamnosyltransferase 1 (RT1) genes; a glutathione S-
transferase (GST) gene, and two Myb-like genes. RT1 belongs to a larger group of 
enzymes called glucosyltransferases (GTs) that are known to transfer residues from 
UDP-activated forms to a variety of substrates (Lunkenbein et al. 2006), which has 
similarity to glucoside forming GTs. GST has been implicated as a requirement for 
efficient anthocyanin export from the site of synthesis in the cytoplasm for anthocyanin 
sequestration in the vacuoles (Mueller et al. 2000). The Myb genes are a family of 
transcription factors that have been associated with coloration of  fruit (Singh et al. 
2014), flower (Hsu et al. 2015), and vegetative tissue (Nemie-Feyissa et al. 2014a) in 
many plants, notably in rosaceous plants, such as peach (Zhou et al. 2014), plum (Gu 
et al. 2015), and apple (Takos et al. 2006). 
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Attendant with the search for a new candidate gene, a series of broadly spaced 
SNP and indel markers (Alu6 - Alu10, Ind19M, Ind20M) were developed to determine 
the boundaries of the region lacking recombination with the color locus. What was 
discovered was a large (> 4 Mb) ‘cold spot’ that confounded candidate gene inquiry. 
The final feature of Chapter II is the fine mapping of F. vesca ssp.  americana 
‘Pawtuckaway’ LG1. With the publications of the F. vesca ssp. vesca ‘Hawaii 4’ genome 
sequence (Shulaev et al. 2011) and availability of markers made possible by our 
sequenced fosmid clones, a rudimentary linkage map was made for the F. vesca YPF2 
population, which subsequently allowed for the fine mapping of LG1, where the color 
locus resides.  
The  Affymetrix IStraw90 Axiom SNP Array (Bassil and Davis et al. 2015) has 
enabled the generation of high-density linkage maps (Mahoney et al.; Sargent et al. 
2015). Chapter III completes this investigation with development of an F. vesca linkage 
map, based on the YPF2 population, constructed using SNP markers provided by the 
Affymetrix IStraw90 Axiom SNP Array (Bassil and Davis et al. 2015). This part of the 
study advances our development of F. vesca genetic resources, while it continues to 
demonstrate the relevance and versatility of this SNP array as a valuable genomic tool  
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CHAPTER I  HAPTER I 
 
AN EXAMINATION OF TARGETED GENE NEIGHBORHOODS  
IN STRAWBERRY 
 













Strawberry (Fragaria spp.) is the familiar name of a group of economically 
important crop plants and wild relatives that also represent an emerging system for the 
study of gene and genome evolution. Its small stature, rapid seed-to-seed cycle, 
transformability and miniscule basic genome make strawberry an attractive system to 
study processes related to plant physiology, development and crop production; yet it 
lacks substantial genomic-level resources. This report addresses this deficiency by 
characterizing 0.71 Mbp of gene space from a diploid species (F. vesca). The twenty 
large genomic tracks (30-52 kb) captured as fosmid inserts comprise gene regions with 
roles in flowering, disease resistance, and metabolism. 
A detailed description of the studied regions reveals 131 Blastx- supported gene 
sites and eight additional EST-supported gene sites. Only 15 genes have complete EST 
coverage, enabling gene modeling, while 76 lack EST support. Instances of micro-
colinearity with Arabidopsis thaliana were identified in twelve inserts. A relatively high 
portion (25%) of targeted genes were found in unanticipated tandem duplications. The 
effectiveness of six FGENESH training models was assessed via comparisons among 
ab initio predictions and homology-based gene and start/stop codon identifications. 




This report details the structure and content of targeted regions of the strawberry 
genome. The data indicate that the strawberry genome is gene-dense, with an average 
of one protein-encoding gene or pseudogene per 5.9 kb. Current overall EST coverage 
is sparse. The unexpected gene duplications and their differential patterns of EST 
support suggest possible subfunctionalization or pseudogenization of these sequences. 
This report provides a high-resolution depiction of targeted gene neighborhoods that will 
aid whole-genome sequence assembly, provide valuable tools for plant breeders and 
advance the understanding of strawberry genome evolution. 
 
Introduction 
Strawberry is the familiar name of a valuable genus [Fragaria spp. (Rosaceae)] 
comprising cultivated plants that produce popular and nutritious fruits, as well as wild 
plant species that populate many areas of the northern hemisphere and South America. 
The genus contains a diversity of species representing ploidy levels from diploid to 
decaploid (Ichijima 1926; Hummer et al. 2008). The octoploid (2n=8x=56) genome 
composition of the cultivated strawberry, Fragaria ×ananassa, places this hybrid species 
among the most genetically complex crop plants. Paradoxically, the ~200 Mbp size of 
the basic (x=7) strawberry genome (Folta and Davis 2006; Davis et al. 2007a)ranks 
among the lowest of crop plant C values. The discordance between small basic genome 
size and wide-ranging genomic complexities makes Fragaria a unique system in which 
to study the effects of reticulate evolution, polyploidization, domestication, and breeding 
on genes and genomes. While the cultivated strawberry’s genome is complex, extant 
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diploid species provide the opportunity to analyze simpler yet relevant genomes as 
appropriate comparators to the cultivated octoploids. The widely distributed diploid 
(2n=2x=14) species Fragaria vesca has been implicated as an ancestral subgenome 
donor to the octoploid strawberries: F. ×ananassa and its immediate ancestors F. 
chiloensis and F. virginiana (Rousseau-Gueutin, et al. 2009). Thus, F. vesca provides 
an outstanding system for addressing genetic and genomic questions relevant to the 
octoploid strawberries, as well as to the entire Rosaceae family (Shulaev et al. 2008). 
Existing genomics resources for F. vesca include mapping populations and linkage 
maps (Davis and Yu 1997; Sargent et al. 2006), an efficient genetic transformation 
system for reverse genetics (Oosumi et al. 2006; Folta and Davis 2007), growing EST 
support (Slovin 2005), and forthcoming whole-genome sequence information (Sosinski 
et al. 2009). 
Large scale projects aimed at sequencing the complete genomes of many crop 
and model plant species have been preceded by smaller scale efforts that informatively 
sample and annotate limited but representative genomic regions. Examples include the 
sequencing of: an initial 1.9 Mb contig from Arabidopsis thaliana chromosome 4 (Bevan 
et al. 1998), constituting about 1.4 % of the 140 Mbp Arabidopsis genome; six BAC 
clones, comprising 592 kb or 0.06% of the 950 Mbp tomato genome (Van der Hoeven et 
al. 2002); and BAC ends that generated 17 Mb of sequence or 4.7% of the 372 Mbp 
papaya genome (Lai et al. 2006). Detailed analysis and annotation of these genomic 
sequence samples provided initial insights into genome composition, gene number, and 
other parameters that could help to guide, or in some cases physically anchor, a 
subsequent complete genome sequencing project. In a companion paper (Pontaroli et 
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al. 2009), we examined a random sampling of 30 F. vesca genomic sequence segments 
comprising ~ 1.0 Mb, or ~0.5% of the F. vesca genome. 
The key resource for that and the present study was a fosmid library from F. 
vesca; constructed from physically sheared and blunt-end cloned genomic DNA 
fragments from F. vesca ssp. americana 'Pawtuckaway’ (Shields and Davis 2005; Davis 
et al. 2007b). On the basis of that representative genomic sampling, we concluded that 
the F. vesca genome contains about 30,500 protein-encoding genes, plus > 4700 
truncated gene fragments. Over 30 new repeat families were identified, the most 
common of which were long terminal repeat (LTR) retrotransposons. Total transposable 
element (TE) content of the F. vesca ssp. americana genome was estimated to be at 
least 16%. 
In the present study, our aim was to examine a specific set of genomic 
sequences and gene neighborhoods, targeted for study because they contain genes of 
likely relevance to horticultural and fruit quality traits, with emphasis on metabolic 
pathway genes, flowering-related genes, and disease resistance-related genes. The 
alcohol dehydrogenase (ADH) gene was targeted on the basis of its use in ongoing 
phylogenetic studies in Fragaria (Staudt et al. 2003; Folta and Davis 2006), and for its 
historical status as the first protein-encoding gene to be sequenced in strawberry 
(Wolyn and Jelenkovic 1990). 
Our approach differed from that of the previous study (Pontaroli et al. 2009), 
because our focus was on the features of specifically targeted genomic sites rather than 
on representative genomic sampling. We herein present a detailed description of 20 
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genomic regions comprising 0.71 Mb of DNA sequence. This description encompasses 
the identification and annotation of putative genes, pseudogenes, and repetitive 
elements. It is expected that the results reported herein will be of particular value to 
plant biologists interested in the studied genes and the traits to which they may relate, 
and to molecular breeders pursuing the genetic improvement of strawberry and/or other 




Fragaria vesca ssp. americana variety ‘Pawtuckaway’ was collected from a site 
on Mt. Pawtuckaway in Deerfield, New Hampshire by T. M. Davis and S. Williamson, 
and was propagated and maintained in the Department of Biological Sciences 
Greenhouse facility at the University of New Hampshire (UNH). It has been donated to 
the National Clonal Germplasm Repository (NCGR) in Corvallis, OR, wherein it is 
identified as accession CFRA 1948.001 (PI 657856). 
DNA Extraction. Total genomic DNA was isolated from two grams of freshly harvested, 
unexpanded leaves from greenhouse-grown plants using a modified 2% CTAB protocol 
(Davis et al. 1995), but without addition of 100 μl 24:1 chloroform:octanol to the tissue 
slurry after grinding in liquid nitrogen. Modifications also included the addition of 
antioxidants (0.10% (w/v) ascorbic acid/0.13% (w/v) sodium metabisulfite (Na2O5S2), 
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added to CTAB just prior to use, followed by incubation on ice rather than at 60°C. No 
steps were taken to exclude organelle DNA. 
Fosmid Library Construction. 
Fosmid cloning was performed using the CopyControl™ Fosmid Library 
Production Kit per the manufacturer’s instructions (Epicentre, Madison, WI). Briefly, 
end-repaired DNA (264 ng) was ligated into the CopyControl™ pCC1FOS™ fosmid 
vector, packaged, transfected into EPI300™-T1R E. coli cells, and the transformed cells 
were stored in a 20% glycerol freezing buffer at -80°C. Fosmid clones were robotically 
picked into 384-well plates (Genetix, Boston, MA) and spotted in duplicate onto 
Performa II high-performance, positively charged, nylon high-density filters using a 
Genetix Qbot at the Hubbard Center for Genome Studies (HCGS), UNH. Clones were 
grown in a 4% glycerol enriched LB freezing buffer, and stored at -80°C. 
Probe Construction, Filter Hybridization, and Clone Selection. 
Labeled probes with an average size of 650 bp were synthesized by 
incorporation of Biotin-16-2′-deoxy-uridine-5′-triphosphate (Biotin-16-dUTP) (Roche, 
Indianapolis, IN) into polymerase chain reaction (PCR) products. Primer pairs used in 
probe synthesis were designed using DNAStar LaserGene PrimerSelect Mac OS X 5.53 
software, based on unpublished data generated in house, public domain Fragaria EST 
sequences, or conserved regions of orthologous genes. PCR were prepared using 
MasterTaq kits (Eppendorf, Westbury, NY). Filters were hybridized using the Standard 
Hybridization protocol described in the NEBlot® Phototope® Kit (NEB, Ipswich, MA), with 
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minor modifications. Probes were used in multiplexed sets of two to six. All clones to 
which protein-encoding, nuclear gene probes hybridized were subjected to confirmatory 
PCR screening using the same primer pairs used to generate the respective probes. 
When multiple clones were obtained for a single probe, clones were fingerprinted 
by restriction digestion, and insert ends were sequenced. Any clone in which the target 
gene was adjacent to and possibly truncated by the insert end was excluded from 
subsequent sequencing. 
Fosmid Subcloning and Sequencing. 
Fosmid clones that were selected on the basis of positive hybridization to probes 
and further differentiated on the basis of end-sequences and restriction digests were 
subcloned and sequenced as described in Pontaroli et al. (2009). Fosmid clones were 
sequenced to 14x redundancy using an ABI 3700 capillary sequencer with T3 and T7 
primers and ABI PRISM Big Dye Terminator chemistry (Applied BioSystems, Foster, 
CA). Base calling and quality assessment were done by using PHRED (Ewing and 
Green 1998), and reads were assembled with PHRAP. Contigs were ordered using 
CONSED (Gordon et al. 1998). Assembled insert sequences were deposited into the 
GenBank database (Geer et al. 2010).  
Bioinformatics. 
For each fosmid, predictions of protein-encoding gene content, including start 
and stop codon predictions, were obtained using FGENESH (Softberry) (A.P.G  III  
2009), as trained on six reference models: Arabidopsis thaliana (At), Medicago 
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truncatula (Mt), Monocots (Mo), Nicotiana tabacum (Nt), Lycopersicon esculentum (Le), 
and Vitis vinifera (Vv). To obtain homology-based gene inferences, each fosmid 
sequence was subjected to Blastx and Blastn (NCBI) queries of relevant GenBank 
databases using default parameters, except that “maximum target sequences” was set 
at 1000, and under formatting options, “graphical overview” was set at 1000 and the 
default low complexity filter was turned off. Blastx searches were done against the 
Arabidopsis thaliana and Viridiplantae databases, for the purposes of locating putative 
protein-encoding genes and assigning them to the plus or minus strand, inferring start 
and stop codon locations, and establishing putative gene identities. Blastn searches of 
the “EST others” database and limited to the Rosaceae family of plants were used to 
identify supporting ESTs in Fragaria and other rosaceous species as a means of further 
validating gene locations, inferring start/stop codon positions, and identifying expressed 
sites that lacked Blastx protein homology matches or FGENESH gene predictions. The 
locations of inferred start and stop codon sites were then compared to the start and stop 
codon locations predicted for the respective genes by each of the FGENESH models. 
Blastn and tBlastx searches of the Viridiplantae nr database were performed on a 
limited, ad hoc basis as needed to resolve questions that emerged from the systematic 
analyses. Gene models for genes with complete EST coverage were devised by 
integrating start and stop codon identifications with exon/intron boundary predictions 




The identification of transposable-element-like sequences employed a 
multifaceted approach. Full-length LTR retrotransposons were discovered by structural 
search using LTR_FINDER (Xu and Wang 2007) and LTR_STRUC (McCarthy and 
McDonald 2003). Novel repeat elements were identified using RepeatModeler (Smit and 
Hubley 2008). Blastx was also used to discern TE-related protein-encoding sequences. 
Simple sequence repeats (SSRs) were identified using SSRIT (Temnykh et al. 
2001) with search parameters set for pentamers as the maximum repeat length and five 
as the minimum number of repeat units. The LaserGene® Suite of programs (DNAStar, 
Madison, WI) was used for various purposes, including visualization and annotation of 




The CTAB isolation procedure produced genomic DNA fragments in the 40 kb 
size range, evidently a consequence of random, procedure-induced physical shearing. 
Following end-repair, this genomic DNA was used in a single ligation reaction to 
construct the fosmid library, which consisted of 33,295 clones arrayed in eighty-seven 





Of twenty protein-encoding gene probes used in filter hybridizations, eighteen 
probes yielded at least one PCR-confirmed target clone. One fosmid clone was selected 
for each of sixteen probes, while two fosmid clones with distinctly differing restriction 
fragment patterns were selected for sequencing from each of two probes: gRGA2 and 
TPS. Thus, a total of 18 protein-encoding gene probes were used to select 20 fosmids 
(Table I-1) to be subcloned and sequenced. 
Fosmid Insert Sequences. 
Uninterrupted insert sequences bounded by vector ends were obtained from 13 
of 20 fosmid clones. These insert contigs ranged in length from 29,623 bp to 42,439 bp 
(Table I-1). Of the remaining 7 clones, sequence assembly generated two (2 clones) or 
three (5 clones) ordered contigs (Table I-1). For the 7 multi-contig clones, the sum of 
contig sequence lengths varied from 31,107 bp to 44,532 bp. The total length of insert 
sequence generated from the 20 selected fosmids was  
708,363 bp, or an average of 35,418 bp per insert. These sequences have been 
deposited into GenBank under the accession numbers listed in Table I-1. 
Identification of Genetic Elements. 
As detailed below, several categories of genetic elements were identified, 
including protein-encoding genes and pseudogenes, expressed sequences, 
transposable elements (TEs), and other repetitive elements including simple sequence 
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repeats (SSRs). The results of the bioinformatic analyses are presented in two forms: 
tabular (Tables I-1 -I-4 and Appendix B Tables B-1 and B-2) and graphical (Figures I-1 -
I-21). Figure I-1 provides a key to the icons, abbreviations, and other conventions 
employed in the subsequent “Fosmid Figures”. 
Each Fosmid Figure consists of five parts (see Figure I-1). Part A depicts the ab 
initio predictions of the six FGENESH training models. Part B depicts the output of 
Blastx homology searches of the NCBI protein database, delimited to Arabidopsis or 
Viridiplantae. Part C depicts the output of Blastn homology searches of the NCBI EST-
Others database, delimited to the Rosaceae family. Fragaria EST matches are boxed. 
Part D provides a graphic representation of the annotated features of the respective 
fosmid insert, wherein each icon-coded gene site is coupled to its supporting evidence 
and FGENESH predictions (if any) by a vertical, gray stripe. Part E depicts the 
locations, sequence motifs, and repeat numbers of SSR loci. Finally, each Fosmid 
Figure is accompanied by an abbreviated spreadsheet that provides information about 
the annotated gene sites, including strand assignments, putative start and stop codon 
sites, and putative gene product identity. A more detailed listing of the homology-based 
evidence supporting each gene site identification is provided in Appendix B Table B-1. 
Ab initio predictions (Fosmid Figures: Part A).  
The number of predicted protein encoding genes varied considerably among the 
six FGENESH models (Table I-2), ranging from a low of 115 (Mt model) to a high of 208 
(Nt model), with an overall mean of 152.5. As detailed below, the subsequent 
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generation of a set of homology based inferences provided a basis for comparison with 
the outputs of the six ab initio models. 
Blastx homology (Fosmid Figures: Part B).  
Blastx searches of the NCBI Arabidopsis and Viridiplantae protein databases, 
employing the fosmid inserts as query sequences, were used to identify protein-
encoding gene sites, including intact genes, pseudogenes, and TE-related proteins. 
Using a conservative cutoff of e = 10-10 (Pontaroli et al. 2009), a total of 123 gene sites 
were identified, while a less conservative cutoff of e =10-5 yielded eight additional gene 
sites. With reference to their best Blastx matches, 11 gene sites encoded TE-related 
proteins (reverse transcriptase, transposase, polyprotein, etc.), 100 encoded proteins 
with tentative or definitive functional identities, and 20 encoded “unknown proteins”. The 
inferred strand assignments of each of these 131 genes sites are provided in the 
Fosmid Figures and in Appendix B Table B-1. 
Blastn homology to Fragaria and Rosaceae ESTs (Fosmid Figures: Part C). 
 In total, Blastn searches of the NCBI Rosaceae EST database (conducted prior 
to June 1, 2009) recovered 128 “top-tier” (≥ 95% sequence identity) EST matches, of 
which 126 were from Fragaria (F-ESTs) [Appendix B, Table B-1] and two were from 
Rosa. Top-tier F-EST coverage varied considerably among the 131 Blastx-inferred gene 
sites. Fifty-five gene sites had one or more top-tier FEST matches, while 76 had none. 
Fifteen genes sites had complete EST coverage [Appendix B Table B-1- coded in red], 
providing a basis for establishing gene models, as addressed below. Numerous 
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“second-tier” (85-94% identity range) ESTs from Fragaria and other rosaceous species 
(including Malus, Prunus, Rosa, Rubus, and Pyrus) occurred at many of the identified 
gene sites [Appendix B Table B-1.Blastn - Rosaceae ESTs], and elsewhere within the 
fosmid sequences. The second tier F-ESTs were denoted by rounded boxes in the 
Fosmid Figures (see key, Figure I-1). 
Several top-tier F-EST matches occurred at genomic sites that lacked Blastx 
matches and FGENESH predictions. Six such gene sites occurred at fosmid insert 
boundaries, where the match comprised a 5' or 3' UTR sequence but little or no coding 
sequence. In the absence of recognizable coding sequence within the fosmid 
boundaries, these putative gene sites were invisible to FGENESH and Blastx. 
Additionally, two F-EST sites that lacked Blastx matches and FGENESH 
predictions occurred internally in the inserts. Gene site 9 in fosmid 08G19 (Figure I-12) 
was defined by F-ESTs [GenBank: DY667692 and DY674185], and gene site 3 in 
fosmid 52B01 (Figure I-15) was also defined by an F-EST [GenBank: DY670302]. 
These FESTs lacked obvious ORFS, and Blastx searches using the ESTs themselves 
as queries obtained no quality matches. Thus, the F-ESTs in question may be 
noncoding, or may encode previously undescribed proteins. 
Comparison of ab initio predictions and homology-based inferences. Homology 
based inferences of gene site numbers and locations and of start and stop codon 
positions provided a basis for evaluating the differing outputs of the six FGENESH ab 
initio models. As previously noted, the number of predicted genes varied considerably 
among ab initio models (Table I-2). As compared with the number of 131 Blastx inferred 
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gene sites, the Mo (115) and Vv (121) models under-predicted, while the remaining 
models over-predicted the number of protein-encoding genetic elements.  
Under-prediction was primarily due to “gene merging”: the prediction of one large 
gene over a region wherein two or more separate genes were detected by homology 
search (e.g., Figure I-11, gene sites 2 and 3). The Vv model generated a high of 16 
such “gene mergers”, involving a total of 38 Blastx-inferred genes, while the Nt model 
generated only 3 gene mergers, involving 7 Blastx-inferred genes (Table I-2). 
Over-prediction was primarily due to absence of homology-based evidence of 
gene location at some sites of ab initio prediction. The number of non-validated ab initio 
predictions ranged from a high of 65 (Nt) to a low of 9 (Mo) (Table I-2). For each of the 
Blastx-identified genes, start and stop codon positions were inferred on the basis of 
homology searches supplemented by manual examination of reading frames as 
displayed by SeqBuilder (DNAStar), utilizing comparisons to F-ESTs wherever possible. 
This homology-based analysis established the putative locations of 93 start and 92 stop 
codons. The discrepancy between the homology based inference of 131 gene sites and 
the substantially lesser numbers of inferred start and stop codon locations was 
attributable to several factors. Nineteen of the 131 gene sites were artifactually 
truncated at their 5' or 3' ends, either by a fosmid end or by a contig gap. Because no 
contig gaps interrupted genes of specific interest, effort was not invested in closing 
these gaps, with the expectation that they soon will be closed by the anticipated whole 
genome sequencing of Fragaria vesca. Another obstacle was “biological truncation” 
(Pontaroli et al. 2009), in which a terminal segment of a coding region is missing due to 
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deletion or rearrangement. As many as 20 of the identified gene sites appeared to be 
truncated pseudogenes, as evidenced by substantial shortening of the predicted protein 
as compared with its putative Arabidopsis homolog. Of the 11 TE-related gene sites, 
only one start codon and two stop codons could be identified. Lack of EST support also 
precluded establishment of start and/or stop codon positions in many genes. When the 
homology-inferred 93 start and 92 stop codon locations were compared to those 
predicted for the respective genes by the FGENESH models (Table  I-2), the highest 
number of start and stop codon agreements were, respectively, 80 (At - 11 - and Mt) 
and 72 (Mt). The lowest numbers, respectively, were 65 (Vv) and 62 (Vv).Among the six 
FGENESH models, the closest overall agreement with our homology based inferences 
of start and stop codon positions was provided by the Mt model, with the At model a 
close second best (Table I-2). 
Gene Models. 
Using the GeneSeqer program, intron locations were determined in each of the 
15 genes for which complete coding sequence (cds) EST coverage was available. This 
information, in combination with previously detailed determinations of start and stop 
codon locations, provided a basis for defining gene models [Appendix B, Table B-2]. 
Among the 15 modeled genes, intron number ranged from zero to nine per gene, with a 
mean of 2.87. The intron size range, from 84 bp to 933 bp, approximated a Poisson 
distribution, with 23 of 43 introns falling below 150 bp in length and 30 falling below the 




A central objective of this project was to obtain the complete genomic sequences of a 
suite of targeted genes that were of potentially broad interest to the Fragaria/Rosaceae 
research community and industry. Each fosmid clone contained a gene site that clearly 
corresponded, with ≥ 98% nucleotide sequence identity, to its respective hybridization 
probe. Each of the targeted genes was contained entirely within the respective fosmid 
boundaries, providing knowledge of promoter and other flanking regulatory sequences. 
Noteworthy features of these targeted genes are described below, with the expectation 
that they will be the subjects of intensive follow-up studies. 
Anthocyanin-pathway-related genes. 
CHALCONE SYNTHASE (CHS).  
Two adjacent copies of the CHS gene are present in head-to-tail orientation on the 
minus strand of fosmid 73I22 (Figure I-2). For purposes of discussion only, we 
provisionally designate the downstream and upstream gene copies as CHS-1 and CHS-
2, respectively. Six F-ESTs were identified that provide top-tier matches to one or both 
of these gene copies. Three F-ESTs best match CHS-1 and three best match CHS-2, 
uniquely providing full F-EST coverage to each gene copy. 
The resulting gene models, each displaying the presence of one intron, are provided in 
Appendix B, Table B-2. A comparison of CHS-1 and CHS-2 coding sequences showed 
them to have 95% nucleotide sequence identity and 98% predicted amino acid 
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sequence identity. In contrast, the nucleotide sequences of the single intron of each 
gene shared only 55% identity. 
CHALCONE ISOMERASE (CHI).  
Fosmid 48I08 (Figure I-3) contains a single CHI gene (site 4). Two top-tier F-ESTs 
provide complete coding sequence coverage, with the resulting gene model displaying 
the presence of three introns [Appendix B, Table B-2]. 
DIHYDROFLAVONOL 4-REDUCTASE (DFR).  
Fosmid 53O08 (Figure I-4) contains a single DFR gene. Four top-tier F-ESTs provide 
complete coding DNA sequence (cds) coverage, with the resulting gene model 
displaying the presence of five introns [Appendix B, Table B-2]. 
REGULATOR OF ANTHOCYANIN SYNTHESIS (RAN). 
 Fosmid 76C08 (Figure  I-5) was selected by a probe targeted to a Del-like regulatory 
gene designated as RAN in strawberry (Deng and Davis 2001a). The probe sequence 
has 98% nucleotide identity to a region of gene site 6 on the same fosmid. In taxon-
delimited Blastx searches, this gene site had the following best protein matches: GL3 
(GLABRA 3) and transcription factor (bHLH1) (Arabidopsis); and myc-like anthocyanin 
regulatory protein (Viridiplantae). One top tier F-EST match provides partial EST 
coverage for this gene. 
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Other metabolism-related genes. 
ALCOHOL DEHYDROGENASE (ADH).  
Two adjacent copies of the targeted ADH gene are present in head-to-head orientation 
on fosmid 14K06 (Figure I-6). The gene copy on the plus strand (site 4) corresponds to 
the originally sequenced ADH gene from F. ×ananassa (Wolyn and Jelenkovic 1990), in 
recognition of which we designate it ADH-1. This gene copy had no F-EST support. The 
gene copy on the minus strand (site 3), which we designate ADH-2, had four matching 
F-ESTs, providing full coding sequence coverage. The resulting gene model is provided 
in Appendix B, Table B-2. There is 85% identity between the inferred amino acid 
sequence of ADH-2 and the previously defined amino acid sequence of ADH-1 (Wolyn 
and Jelenkovic 1990), while the coding sequences of these two genes have 77% 
nucleotide identity. Both ADH-1 and ADH-2 have nine introns and between the two 
genes the corresponding intron sequences are so divergent as to preclude meaningful 
alignment. 
GRANULE-BOUND STARCH SYNTHASE-I (GBSSI). 
Fosmid 52I20 (Figure I-7) contains a single GBSSI gene (site 7). Of the two GBSSI 
genes known in Fragaria (Rousseau-Gueutin et al. 2009), this is GBSSI-1. Three top-
tier F-ESTs provide EST coverage of this gene’s 5' and 3' ends. 
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TERPENE SYNTHASE (TPS).  
Two fosmids with differing restriction digestion patterns were selected by their 
hybridization to the TPS probe. Fosmid 41O22 (Figure I-8) contains two TPS genes 
(sites 2 and 4), while fosmid 53J04 (Figure I-9) contains one TPS gene (site 6). None of 
the three identified TPS genes have top-tier F-EST matches. A single Fragaria EST 
Blastn match [GenBank: CO817558], has only 94% nucleotide sequence identity to 
each of the three identified TPS genes, suggesting that this EST may be the transcript 
of an additional TPS gene in the Fragaria genome. 
Intriguingly, each TPS gene has as its immediate downstream neighbor a 
pentatricopeptide (PPR) gene, in tail-to-tail orientation. In fosmid 40I22 the 5' ends of 
both PPR genes appear to be truncated, while the PPR gene in fosmid 53J04 appears 
to have a full length coding sequence. 
Flowering-related genes 
PISTILLATA (PI).  
Two adjacent copies of the PISTILLATA gene were present in head-to-tail orientation on 
the minus strand of fosmid 76K13 (Figure I-10). The gene copy at site 2, which we 
designate as PISTILLATA-1, had two matching top-tier FESTs, providing full coding 
sequence coverage. The PISTILLATA-1 gene model, which contains six introns, is 
presented in Appendix B, Table B-2. The gene copy at site 3, designated PISTILLATA-
2, had no matching F-ESTs. A partial Fragaria homolog of the Arabidopsis EFS (EARLY 
FLOWERING IN SHORT DAYS) gene resides at gene site 1. Thus, fosmid 76K13 
27 
 
captures members of a multi-gene cluster that may play a complex role in the regulation 
of flowering in Fragaria. Notably, in Arabidopsis the PISTILLATA gene is not tandemly 
duplicated, and it resides at a locus (At5g20240) unlinked to that of the EFS gene 
(At1g77300). 
LEAFY (LFY).  
Fosmid 10B08 (Figure I-11) contains a single copy of the LEAFY gene (site 1). This 
gene had no top-tier F-EST matches, or any high percentage EST matches in any 
Rosaceae species. 
APETALA3 (AP3).  
Fosmid 08G19 (Figure I-12) contains a single copy of the AP3 gene (site 2). This gene 
had no top-tier F-EST matches.  
PHYTOCHROME A (PHYA).  
Fosmid 51F10 (Figure I-13) contains a single copy of the PHYA gene (site 5). This gene 
had no top-tier F-EST matches. 
ELONGATED HYPOCOTYL 5 (HY5).  
Fosmid 01I13 (Figure I-14) contains a single copy of the HY5 gene (site 6). Three top-
tier F-ESTs provide complete cds coverage. The HY5 gene model, which contains two 
introns, is presented in Appendix B, Table B-2. 
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CONSTANS (CO).  
Fosmid 52B01 (Figure I-15) contains a single copy of a targeted gene (site 5) that has 
the COL-2 (CONSTANS-LIKE 2) protein as its best Arabidopsis Blastx match. Four top-
tier F-ESTs provide complete coding sequence coverage. The respective gene model, 
which contains one intron, is presented in Appendix B, Table B-2. 
SUPPRESSOR OF CONSTANS OVEREXPRESSION (SOC).  
In fosmid 19H07 (Figure I-16), the probe hybridization was to gene site 4, which has the 
ArabidopsisAGL20 (SOC1) SUPPRESSOR OF CONSTANS OVEREXPRESSION 1 
protein as its best Arabidopsis Blastx match. This gene has one top-tier F-EST match 
that provides partial coding sequence coverage, but not of the 5’ end, thus leaving the 
start codon site undetermined. Also on fosmid 19H07, gene sites 6 and 7 both have 
best Blastx homology to the Arabidopsis AGL6 (AGAMOUS LIKE-6) gene, but appear to 
be truncated at their 3' ends and have no top-tier F-EST matches. Interestingly, a 
Fragaria vesca SOC1 protein sequence [GenBank: ACR24128] identified by Blastx 
search, has very high homology at its C terminal end to gene site 4, and at its N 
terminal end to gene sites 6 and 7. Thus, gene site(s) 6 and/or and 7 may actually 





NBS-LRR disease resistance-like genes. 
 cRGA1.  
Fosmid 34E24 (Figure I-17) contains a cluster of nucleotide binding site-Leucine rich 
repeat (NBS-LRR) disease resistance-like genes. Three of these are apparently full 
length NBS-LRR resistance-like genes (sites 4, 6, and 7), each of which has strong 
Blastx homology to the protein products of both members of a tandemly duplicated pair 
of Arabidopsis loci: At5g66900 and At5g66910. Additionally, gene site 3 is an 
apparently truncated resistance-like gene. Two F-ESTs provide top-tier matches to the 
internal region of gene site 4, while two other F-ESTs (including the probe source 
[GenBank: DV439384]) provide top-tier matches to the 5' and 3' ends of gene site 6, 
providing evidence that these two genes are transcribed. 
 gRGA1.  
Fosmid 19M24 (Figure I-18) contains a pair of NBS-LRR disease resistance-like genes 
(sites 2 and 3). Both have among their top Blastx matches an Arabidopsis NBS-LRR 
resistance-like protein encoded by locus At4g12010. One F-EST provides a top-tier 
match to the 3' end of gene site 2. 
 gRGA2.  
Two fosmids with differing restriction digestion patterns were selected by their 
hybridization to the genomic gRGA2 probe. In fosmid 13I24 (Figure I-19), the probe 
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target is gene site 1. This gene has one marginally top-tier F-EST match (95.08% 
identity) that provides coverage mostly of the 3’ UTR. In fosmid 32L07 (Figure I-20), the 
probe target is gene site 4, which has one top-tier F-EST match. The indicated gene 
sites on both fosmids show sequence similarity to NBS-LRR resistance-like proteins 
encoded by both members of tandemly duplicated Arabidopsis loci At3g14460 and 
At3g14470. 
LRR disease resistance-like gene. 
 gLRR.  
Fosmid 49M15 (Figure I-21) was selected by its hybridization to the probe gLRR at 
gene site 4a. This gene site had as its best Blastx match (36% identity) a disease 
resistance family protein encoded by Arabidopsis locus At2g34930, and had no top-tier 
F-EST matches. The 3’ structure of this gene is ambiguous, with evidence from a Malus 
(apple) cDNA sequence suggesting that this gene may be transcriptionally merged with 
the neighboring squalene epoxidase-like gene (site 4b). 
Micro-colinearity with Arabidopsis. 
By cross-referencing Arabidopsis proteins identified by Blastx to their respective 
physical map positions, instances of micro-colinearity or conserved micro-synteny with 
Arabidopsis thaliana were identified in twelve fosmids, involving a total of 36 putative 
Fragaria genes (Table I-3). As an example of micro-colinearity in fosmid 08G19 (Figure 
I-12), Fragaria genes 2 and 3 are homologous to Arabidopsis loci At3g54340 and 
At3g54350. As examples of interrupted colinearity but conserved micro-synteny, 
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Fragaria genes 4 and 6 in fosmid 76K13 (Figure I-10) are homologous to Arabidopsis 
loci At1g21600 and At1g21610, while Fragaria genes 5 and 6 in fosmid 10B08 (Figure I-
11) are homologous to Arabidopsis loci At1g27880 and At1g27850. 
Transposable-Element-Related Sequences. 
Two full length COPIA-type LTR retrotransposons were identified: one on fosmid 14K06 
(Figure I-6 – site 2) and one on fosmid 19M24 (Figure I-18). Single Mutator-like 
elements were identified on fosmids 10B08 (Figure I-11) and 52B01 (Figure I-15 – site 
2). Gene sites 4 and 1 on fosmids 73I22 (Figure I-2) and 76C08 (Figure I-5), 
respectively, encoded putative reverse transcriptase-related proteins, while gene sites 1 
and 5 on fosmids 14K06 (Figure I-6) and 49M15 (Figure I-21), respectively, encoded 
transposase-like proteins. Blastx searches detected retroviral polyprotein-like 
sequences on fosmids 08G19 (Figure I-12 – site 7), 19H07 (Figure I-16 – site 8), 53J04 
(Figure I-9 – site 7), and 53O08 (Figure I-4 – site 4). 
SSR content. 
Any uninterrupted tract of five or more identical repeat units (of repeat length ≤ 5 
nucleotides) was counted as an SSR by the SSRIT analysis. Part E of each Fosmid 
Figure depicts the locations, motif sequences, and repeat lengths of these SSR sites. 
The number of SSR sites per fosmid insert varied from zero (fosmid 32L07 - Figure I-
20) to 19 (fosmid 49M15 - Figure I-21). The total number of qualifying SSRs found in the 
20 targeted fosmid inserts was 158, giving an average SSR distribution of ~1 per 4.5 kb 
(Table I-4). There were 123 di-nucleotide repeat SSRs and 35 tri-nucleotide repeats, 
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and no tetra- or penta- nucleotide repeats. Of SSRs with repeat numbers of 18 or more, 
two were AT (= AT and TA) repeats and 13 were AG (= AG and CT) repeats. The eight 
longest SSR tracts were all AG repeats, ranging from 24 to 38 repeats. Among tri-
nucleotide repeat types, AAG (= AAG, AGA, and GAA) repeats were by far the most 




Our evaluation of targeted gene space in the strawberry diploid species, Fragaria 
vesca, unveils new knowledge about 20 important genomic neighborhoods: information 
that can guide a diversity of gene- or trait-specific investigations, and facilitate site-
specific molecular marker development. Moreover, the cumulative generation of over 
1.75 Mb of genomic sequence by the present investigation of 20 gene-targeted sites 
and its companion study of 31 randomly selected sites (Pontaroli et al. 2009), provides 
an invaluable baseline of robustly assembled and carefully annotated Sanger sequence 
data to which future Next Generation data sets and high throughput bioinformatic 
analyses can be compared and assessed. We anticipate that the experience gained 
through this effort will contribute valuable perspective, precedent, and impetus to whole 
genome sequencing efforts in Fragaria. 
Although our assessment of gene content ultimately relied on homology-based 
methods, ab initio predictions provided an illuminating framework within which to 
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organize and interpret homology-based determinations. In undertaking a comparison of 
the six higher plant ab initio training models (Arabidopsis, Medicago, monocot, 
Nicotiana, Lycopersicon, Vitis) accessible on Softberry’s FGENESH website (A.P.G.III 
2009), we hypothesized that the taxa most closely related phylogenetically to Fragaria 
would provide the best training models for our analysis. According to the most recent 
release of the Angiosperm Phylogeny Group (Chase et al. 2009), the ordered 
phylogenetic distances of the six training model taxa from Fragaria (order Rosales) are 
(closest to most distant) Medicago (Fabales) <Arabidopsis (Brassicales) <Vitis (Vitales) 
<Nicotiana and Lycopersicon (Solonales) < monocots. By one measure, the “accurate” 
prediction of start and stop codons, the Medicago (Mt) model was marginally better than 
the Arabidopsis (At) model, and both of these surpassed the remaining four predictive 
models. It would be of considerable interest to know whether and to what extent an 
FGENESH model trained on Rosaceae sequence data would outperform the Mt and At 
models for predictive analysis of Fragaria sequence; however, such a model was not 
available for the present study. Our analysis indicated that the six FGENESH models for 
this region were variably prone to over-prediction, under-prediction, gene-merging, 
and/or gene-splitting. However, with knowledge of these tendencies in hand, the overall 
perspective provided by comparisons among these disparate models provided a useful 
backdrop to the interpretation of homology-based analyses, helping to draw attention to 
structural anomalies worthy of further exploration. On balance, our experience suggests 
that integrated consideration of all six FGENESH model outputs provided maximal 
insight into the genetic content of the studied Fragaria sequences. As easily visualized 
by viewing a broad sampling of the Fosmid Figures, the FGENESH models were in 
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substantial agreement in some genomic regions, but at considerable variance in others. 
Yet such disagreements are themselves informative, potentially drawing attention to 
sites of unconventional functionality. 
Gene content. 
The genomic frequency of gene sites identified in the study of 20 gene-targeted 
fosmid clones is similar to that found in 31 randomly selected clones from the same 
genomic library (Pontaroli et al. 2009). Discounting 11 TE-related gene sites, the 
present study identified 120 protein encoding genes and pseudogenes within a total of 
~708 kb, or an average of one gene site per 5.9 kb. Similarly, the companion study 
identified 182 gene sites in 1,035 kb, or one gene per 5.7 kb (Pontaroli et al. 2009). That 
an intentional focus on gene-rich, as opposed to randomly selected, genomic sites 
yielded similar protein-encoding gene densities is consistent with the finding that TE and 
other repetitive sequence content in the F. vesca genome is quite low (Pontaroli et al. 
2009), and that most of this genome is, in fact, gene rich. 
A surprising finding in the present study was the number of targeted genes, as 
well as non-targeted genes, that were tandemly duplicated. Full length tandem gene 
duplications of targeted genes were seen in fosmids 14K06 (ADH), 73I22 (CHS), 41O22 
(TPS), 76K13 (PISTILLATA), 19M24 (NBS-LRR resistance-like), and 34E24 (NBS-LRR 
resistance-like). Tandem or near-tandem duplications of genes or gene fragments not 
targeted by probes were also seen. Such duplications involved apparently truncated 
pseudogenes on fosmids 13I24 (CIPK20 KINASE), 32L07 (SMC2), and 41O22 
(pentatricopeptide containing protein). On fosmid 08G19, two apparently full-length 
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copies of a small basic intrinsic protein gene flanked a retroelement-like sequence. 
Although the clustering and neighboring duplication of disease resistance-like genes is 
a well-known phenomenon in plants (Friedman and Baker 2007), it is noteworthy that, 
excluding the resistance-like genes, none of the homologues to the tandemly duplicated 
Fragaria genes enumerated above were themselves tandemly duplicated in 
Arabidopsis. 
EST support varied with respect to the members of tandem gene duplicates. 
Substantial EST support existed for both CHS copies. In contrast, EST support was 
lacking for ADH-1, but was sufficient to allow definition of a gene model for ADH-2. 
Only one of the two Pistillata copies had top-tier EST support. Similarly, only one 
of the two tandemly duplicated NBS-LRR resistance-like genes on fosmid 19M24 had 
any top-tier EST support, while no such EST support existed for either TPS copy on 
fosmid 41O22 or for the single copy on fosmid 53J04. The absence of EST support for 
one or both members of a tandemly duplicated gene pair might be the consequence of 
differential expression patterns, or might simply be attributable to sampling bias in the 
existing Fragaria EST database, wherein most of the currently available sequences are 
from whole seedlings of Fragaria vesca subjected to a handful of stressors. Alternately, 
absence of EST support might be indicative of mutational gene silencing, which is one 
of several possible evolutionary fates of duplicated genes (Moore and Purugganan 
2005). Resolution of these possibilities awaits the much needed expansion of the 
Fragaria EST database to include a comprehensive diversity of tissue types, and 




The complete elucidation of candidate gene sequences from strawberry now 
opens many opportunities to test functional predictions as they relate to plant 
productivity. Clearly the information identified from analysis of LEAFY, SOC, PHYA, 
HY5 and CO may present a means to translate information about flowering from 
Arabidopsis and other species to strawberry. Strawberry species exhibit a wide range of 
photoperiodic behaviors. These are of intense interest to breeders as photoperiod 
sensitivity strongly dictates the utility of a given cultivar. 
Anthocyanin pigmentation is an important aspect of fruit color and quality, but 
also can be a factor in stress resistance and other physiological functions and 
environmental interactions throughout the plant (Meyers et al. 2005). The identified 
CHS, CHI, DFR, and RAN genes are likely to be factors in many aspects of anthocyanin 
pigment composition and spatiotemporal distribution. Along with the anthocyanin 
pathway gene products, terpene synthases play a demonstrated role in flavor and 
fragrance as aspects for fruit quality, also making them of interest to strawberry 
breeders. 
Two other metabolic genes, ADH and GBSSI, were of interest because of their 
widespread use in plants (Small et al. 2004), and their specific recent usage in Fragaria 
(Rousseau-Gueutin et al. 2009; Staudt et al. 2003; Davis & DiMeglio 2004), for 
phylogenetic analysis. The finding that the ADH gene is tandemly duplicated in F. 
vesca, and the differential EST support for its two gene copies, further extends the 
potential interest in ADH as a focal point for comparative evolutionary studies in 
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Fragaria. The GBSSI gene sequence described herein is that of GBSSI-1, as distinct 
from the GBSSI-2 gene used in the phylogenetic analysis of Fragaria by Rousseau- 
Gueutin et al. (2009). 
Disease resistance genes are of central interest to plant breeders. Conserved 
segments of NBS-LRR resistance-like genes have been isolated from genomic DNA in 
many plant species, including strawberry (Martinez Zamora et al. 2004), using 
degenerate primers targeted to conserved sites (Leister et al. 1996). The NBS-LRR and 
LRR resistance-like gene sequences we present here are the first complete genomic 
disease-resistance-like gene sequences to be reported in strawberry. 
Colinearity. 
As the number of sequenced genomes grows, various studies have examined 
gene arrangement between sequenced genomes in the interest of inferring evolutionary 
relationships. One recent study defined micro-syntenic relationships by examining 
colinearity of Prunus (a close taxonomic neighbor of Fragaria), Populus, Medicago and 
Arabidopsis. A positive relationship was defined as a distance not less than 200kb that 
contained four gene pairs (Jung et al. 2009). Comparisons using this approach relating 
Prunus and Arabidopsis genomes indicated that micro-synteny is not well conserved 
between these species. In the present study gene-pair relationships were examined 
between the genes ordered in the fosmids and the known gene order in Arabidopsis. 
Not surprisingly, similar results were obtained to those in the Prunus- Arabidopsis 
comparisons. The data in Table I-3 indicate that out of the set of 20 fosmid clones, only 
nine shared evidence of potential gene-pair relationships with Arabidopsis. 
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The data agree well with the conclusions of Jung et al. (2009). There are some 
clear special cases that should be considered carefully. The two adjacent genes on 
fosmid 34E24 are NBS-LRR genes. These are typically found as proximally located 
members of a multigene family, so it is not surprising that these would be detected as 
colinear in these analyses. Two fosmids contain strawberry terpene synthase genes, 
where Arabidopsis only has one. In both cases an immediate neighbor is an 
Arabidopsis gene, yet a gene found on different linkage groups. This finding indicates 
the possibility that the terpene synthase gene may have been a site for duplication in 
strawberry relative to a common ancestor, or perhaps a site of duplication within 
strawberry. 
EST support and coverage. The genomic sequence analyzed provides a means 
to test gene prediction against actual gene-coding sequence, best estimated by analysis 
of EST relationships. Of the total predicted genes on all fosmids, approximately half 
(78/148) maintain >85% identity with an EST in the Viridiplantae database. When 
compared against ESTs from the Rosaceae even fewer matches were obtained, and 
those were typically from Malus, Rosa and Prunus where significant EST resources 
exist. Of all of the sequences featuring EST cognates, only fourteen genes have 
sufficient EST support to provide complete delineation of exon/intron boundaries as a 
basis for gene modeling, while 76 gene sites had no top-tier Fragaria EST support. 
Exemplifying the latter case, support was lacking for fosmid 08G19 gene 3 
(Figure I-12) and fosmid 10B08 gene 1 (Figure I-11). The first is annotated only as an 
embryo defective transcript and the second is Leafy. Both of these are examples where 
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transcripts may be expected to be found in specialized tissues and/or developmental 
contexts. Therefore, it is not surprising that representative cDNA sequences do not 
appear in the public databases, wherein over 90% of sequences represent seedling 
transcripts in response to abiotic stress. Taken together, these findings indicate the 
need for more Fragaria EST coverage, especially from specific tissues and 
developmental states. EST coverage from other diploid species, such as Fragaria 
iinumae, will be helpful in the development of subgenome-specific markers in the 
cultivated strawberry Fragaria ×ananassa. The reciprocal condition also exists, where 
fosmid-based sequences have EST coverage, but it is either confined to the Rosaceae 
(no match in Viridiplantae) or possibly strawberry specific (no match beyond Fragaria). 
These uncharacterized expressed sequences are abundant in EST collections but were 
not identified in this study. 
SSR loci. 
The identification of SSR loci for use as potential molecular markers for linkage 
mapping, marker assisted selection, and diversity studies has received considerable 
attention in Fragaria (Davis et al. 2006; Sargent et al. 2009a). A total of 158 SSRs of 
five or more homogeneous repeat tracts were identified. Of the di-nucleotide repeat 
motif types, AG and AT were by far the most common, as has also been reported in 
species as diverse as Arabidopsis and rice (Lawson and Zhang 2006). Among tri-
nucleotide repeat types, AAG was the most common, eclipsing the frequency of any 
other tri-nucleotide type by a factor of at least 2.8. AAG is also the most common tri-
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nucleotide repeat motif in Arabidopsis, while CCG is the most common type in rice 
(Lawson and Zhang 2006). 
The utilized SSRIT program counts only uninterrupted repeat tracts as SSRs. 
Thus, a continuous sequence such as (TCC)6TCT(TCC)5 (as in fosmid 14K06, SSRs D 
and E) would be counted as two SSRs by SSRIT because the two TCC tracts are 
interrupted by a TCT. From the perspective of PCR primer pair design for SSR marker 
genotyping, this and several other instances of close-proximity SSR tracts would have 
to be treated as a single SSR locus, amplified by a single primer pair. Thus, the total 
number of operationally defined SSR loci detected in the fosmid inserts is somewhat 
less than the total number of 158 counted SSRs. If any pair of SSR tracts separated by 
less than 100 bp is counted as constituting a single operational SSR locus for purposes 
of molecular marker development, there are 144 discrete SSR loci, with a frequency of 
1 SSR locus per 4.9 kb, or about 200 SSR loci per Mb. The current F. vesca linkage 
map (Sargent et al. 2006)has a total length of 424 cM. Given the 206 Mb size of the F. 
vesca genome, there is an average ratio of 486 kb/cM. Extrapolating from these data, 
SSR loci are distributed in the F. vesca genome with a density of about 92 SSR loci per 
1 cM of map distance, thus indicating that sufficient SSR loci exist to support the 
construction of SSR-based linkage maps to a resolution of well under 1 cM. 
Repetitive elements. 
In this study, fourteen TE-related elements were detected on the basis of Blastx 
homology and structural analysis. A thorough analysis of TE-related and other repetitive 
element content in 31 random sequence samples comprising ~ 1 Mbp in F. vesca was 
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presented in the companion study (Pontaroli et al. 2009), while Ma et al.(2008) reported 
the isolation of retroelement sequences from Fragaria ×ananassa. No top-tier EST 
support was found for any of the TE-related sequences identified in the present study or 
that of Ma et al. (Ma et al. 2008), and no evidence of contemporary TE transpositional 
activity has been reported to date in Fragaria. 
 
Conclusions 
Characterization of a targeted sampling of gene space in strawberry provides 
tremendous information that can be used on many levels. First, a comprehensive 
accounting of genic regions revealed by Sanger sequencing will inform and guide high 
throughput, whole genome sequencing efforts, and serve to anchor short-read 
sequencing assemblies. The focus on genes with known roles in biological processes 
relevant to agricultural production allows for comparative study of these genes and their 
nascent transcripts, and for development of markers for use in breeding and selection. 
The results allow contrast with other genomes, spotlighting the surprising tendency for 
gene duplications in strawberry. The detailed characterization of diploid strawberry gene 
space also is a reference point that will permit comparisons with other diploid and 
polyploid Fragaria species, further unveiling evolutionary relationships in this 
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At the time I embarked upon this research, there were few genomic resources 
available for the genus Fragaria, and although there were numerous bioinformatic 
resources on hand, the annotation of each of the over 100 genes addressed in this 
study required a painstaking manual approach, by me, for both the examination and 
graphic depiction of the fosmid neighborhoods. While this was a collaborative effort 
involving nine coauthors, all of whom have signed releases (Appendix A) for me to 
publish this chapter in my dissertation, this is my project with research chiefly performed 
and written by me. Since this paper was published (Davis et al. 2010), many other 
genomic and bioinformatic resources have become available, foremost among them the 
Fragaria vesca ssp. vesca ‘Hawaii’ (FvH4) reference genome (Shulaev 2011) with a 
searchable database on the Genome Database for Rosaceae (GDR) (Jung et al. 2014), 
which could also be viewed on the Integrative Genome Viewer (IGV) (Robinson et al. 
2011; Thorvaldsdottir et al. 2013)for aligning short sequence reads to the reference 
genome.  
The 20 fosmids in this report were gene-targeted‒therefore they were not 
expected to be a representative sampling of the reference genome, and were not 
represented as such. The companion study performed by Pontaroli et al. (2009) did 
utilize a random sampling of 30 fosmids and so could be expected to be representative 
of the genome. The aforementioned new resources have allowed discovery of 
substantive support for some of the predictions, while additionally illuminating 
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discrepancies among these studies. A summary of a comparison between this study 
and that of Shulaev et al. (2011) for a number of the genetic elements is provided in 
Table I-5. 
Shulaev et al. (2011) used GeneMark-ES+ software (Lomsadze et al. 2005),a 
self-training gene prediction tool that relies on ab initio predictions with mapping high 
confidence ESTs as well as gene deserts from transposable elements to predict genes. 
With GeneMark-ES and GeneMark-ES+, theyestimated33,264 and 34,809 protein 
encoding genes, respectively, in a genome of 240 Mb, comparing favorably to the 
30,530 protein-encoding genes plus 4,780 pseudogenes predicted earlier by Pontaroli 
et al. (2009). Further, the estimated transposable element (TE) content of at least 16% 
(Pontaroli et al. 2009) was reasonably supported in the Shulaev et al. (2011) report 
where they found 22% of the F. vesca ssp. vesca ‘Hawaii4’ raw reads and final 
assembly composed of TEs. 
Looking at average exon lengths, this study (Davis et al. 2010) appears to 
somewhat overestimate the average exon size at 181 nucleotides (nt) when compared 
to the Shulaev et al. (2011) estimate of 170 nt in FvH4 v 1.1. However, in a recent re-
annotation of the FvH4 assembly by Slovin et al. (2015), based on transcriptome 
sequences from a large number of tissue samples, the estimated average exon length 
of 183 nt is more in line with this study. The report by Darwish et al. (2015) indicates 
that  the Shulaev et al. (2011) GeneMark annotations include systematic errors, which 
may couple together two or more adjacent genes and represent them as one gene, thus 
creating artifactual gene models in which there are more exons, as well as some 
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intergenic intervals getting counted as introns (thereby increasing average intron 
size  and number while not affecting average exon size), as seen in Table I-5. These 
potential flaws make a direct comparison of the Shulaev et al. (2011) study with this 
study more complex. 
Similarly, the higher numbers for introns per gene and intron size (Table I-5) in 
the FvH4 annotation could be due in part to the tendency of ab initio models to join two 
adjacent genes into one, thereby increasing the number of introns per gene as well as 
the gene density. Further, the intergenic interval would then be counted as an additional 
intron, and it would be much larger than the typical intron, thereby inflating the intron 
size estimates. Examples of this can be seen in by comparing the gene models 
[Appendix B, Table B-2] for some of the fosmids to the respective ab initio predictions in 
the fosmid figures (e.g.f32L07, Fig. I-20; 19H07, Fig. I-16). 
A question was raised regarding the hypothesis of this research. This study was 
funded by the USDA-NRI under a program aimed at developing genomic resources for 
crops of the Rosaceae family. The goal of this work was entirely descriptive, and did not 
involve any specific hypotheses or hypothesis testing, rather, it is "hypothesis 
generating", in that it generates the necessary observational data upon which 
subsequent hypotheses can be based. For instance, we are now in a position to ask 
questions and test hypotheses about the causes of DNA sequence level differences 
among subspecies in F. vesca: e.g., are they due to evolutionary divergence, to 
sequence assembly errors, or to some combination of the two? 
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The discovery of tandem gene duplication in some fosmids raised the question of 
how tandem duplications occur. Copy number variation (CNV) in plants is common and 
tandem duplications, comprised of two or more adjacent copies of a gene, account for a 
large proportion of CNVs (Zhang et al. 2013).  For example, in maize (Springer et al. 
2009) and Arabidopsis (Cannon et al. 2004; DeBolt 2010) more than 50% of CNVs 
contain tandem duplications. Nonhomologous recombination events bring about 
changes in copy number allowing the generation of new combinations of DNA between 
different genes by translocation, insertion or deletion (Zhang et al. 2009). Several 
mechanisms have been proposed for the generation of tandem duplicate genes: 1) 
break-induced replication (BIR), a nonreciprocal recombination-dependent replication 
process (Kraus et al. 2001) mediated by short microhomology regions (2-15 
bp)(Hastings et al. 2009); 2) fork stalling and template switching (FoSTeS)in which the 
active replication fork can stall during DNA replication and switch templates using 
complementary template microhomology to anneal and prime DNA replication (Lee et 
al. 2007; Zhang et al. 2009) 3) non-allelic homologous recombination (NAHR), occurring 
between two lengths of DNA with high sequence similarity, but are not alleles (Hastings 
et al. 2009); and 4) generation of tandem duplications via aberrant transposition 
reactions, where transposable elements can directly generate tandem duplications 
(Zhang et al. 2013). There appears to be no consensus on which of these mechanisms, 
or if all of them under different circumstances, underlie tandem gene duplication. 
Additionally, a description of FGENESH was not addressed in the text. 
FGENESH (Salamov and Solovyev 2000) is a software program for the ab initio 
prediction of multiple genes on both strands in genomic DNA sequence using a hidden 
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Markov model algorithm, trained to specific organisms. In this case, FGENESH was 
trained to six plants species or groups to discover which might most closely resemble 
the gene structure of Fragaria vesca. Currently, there is still no training model available 
that is specific to strawberry 
Due to the use of a variety of bioinformatic techniques and the long duration of 
this project (approximately two years), a few inconsistencies in the counts of the genetic 
elements crept into the text. The following outlines the corrections by page and 
paragraph: 
Page 8, paragraph two, ‘Fourteen transposable-element-related sequences’ 
should read ‘Thirteen transposable-element-related sequences’; 
Page 30, paragraph two, ‘companion study of 31 randomly selected sites’, should 
read ‘companion study of 30 randomly selected sites’; 
Page 32, paragraph one, ‘found in 31 randomly selected clones’ should read 
‘found in 30 randomly selected clones’;  
Page 38, paragraph two, ‘content in 31 random sequence samples’, should read 


















EU024823 01I13 40,701 2 HY5 HY5
EU024826 08G19 38,293 1 APETALA 3 AP3
EU024827 10B08 35,178 1 LEAFY LFY
EU024831 13I24 33,654 1 NBS-LRR Resistance-like gene gRGA2
EU024832 14K06 36,024 1 ALCOHOL DEHYDROGENASE ADH
EU024837 19H07 32,060 3 SUPPRESSOR OF CONSTANS I SCO
EU024838 19M24 32,776 1 NBS-LRR Resistance-like gene gRGA1
EU024845 32L07 32,968 1 NBS-LRR Resistance-like gene gRGA2
EU024847 34E24. 36,278 1 NBS-LRR Resistance-like gene gRGA1
EU024852 41O22 32,997 1 TERPENE SYNTHASE TPS
EU024856 48I08 38,603 3 CHALCONE ISOMERASE CHI
EU024859 49M15 42,209 3 LRR Resistance-like gene gLRR
EU024860 51F10 29,623 1 PHYTOCHROME A PHY
EU024861 52B01 29,916 1 CONSTANS CO
EU024863 52I20 42,439 1 GRANULE-BOUND STARCH SYNTHASE-I GBSS
EU024864 53J04 32,846 2 TERPENE SYNTHASE TPS
EU024865 53O08 31,107 3 DIHYDROFLAVONOL 4-REDUCTASE DFR
EU024868 73I22 33,392 1 CHALCONE SYNTHASE CHS
EU024870 76C08 44,532 3 REGULATOR OF ANTHOCYANIN SYNTHESIS RAN
EU024871 76K13 32,767 1 PISTILLATA PIST
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Table I-2 FGENESH gene predictions and comparisons to homology-based inferences. 
1FGENESH predictions were classified as unsupported if no gene was detected at the indicated location 
via Blast homology searches. 2The term "gene merger" refers to instances in which two or more gene 
sites identified on the basis of Blast homology were merged into a single FGENESH gene prediction. The 
term "genes merged" refers to the cumulative number of genes involved in such gene mergers. 
3FGENESH predictions of start and stop codons were considered to be validated if support for their 


























At 159 32 5 10 80 68 148
Mt 163 34 4 8 80 72 152
Mo 115 9 12 27 66 64 130
Nt 208 65 3 7 70 63 133
Le 149 33 8 17 69 65 134
Vv 121 14 16 38 65 62 127
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GenBank Fosmid Gene Putative function Blastx match




EU024823 01I13 4 unknown protein NP_568247 E=8.3e-30 At5g11280
EU024823 01I13 5 OCP3 (OVEREXPRESSOR OF CATIONIC PEROXIDASE 3) NP_196688 E=4.0e-31 At5g11270
EU024823 01I13 6




CESA1 (CELLULOSE SYNTHASE 1); transferase, transferring 
glycosyl groups
NP_194967 E=7.0e-160 At4g32410
EU024823 01I13 9 SHS1 (SODIUM HYPERSENSITIVE 1); binding / transporter NP_194966 E=1.5e-76 At4g32400
EU024826 08G19 2 floral homeotic protein AP3 NP_191002 E=7.8e-25 At3g54340
EU024826 08G19 3 putative protein (embryo defective 1967) NP_566998 E=1.8e-39 At3g54350
EU024827 10B08 5 ATP-dependent DNA helicase, putative NP_174109 E=3.2e-38 At1g27880
EU024827 10B08 6 unknown protein NP_174106 E=6.4e-31 At1g27850
EU024831 13I24 3 xanthine/uracil permease family protein NP_566384 E=0 At3g10960
EU024831 13I24 4 protein phosphatase-related NP_566383 E=9.7e-53 At3g10940
SMC2 (STRUCTURAL MAINTENANCE OF NP_201047 E=5e-83 
CHROMOSOMES 2) (AtSMC2-1) (AtSMC2-2) NP_190330 E=1.0e-80
EU024845 32L07 3 ATNOA1/ATNOS1/NOA1/NOS1 (nitrous oxide synthase 1) NP_850666 E=3.0e-34 At3g47450





















EU024852 41O22 2 terpene synthase/cyclase family protein NP_176361 E=2.1e-55 At1g61680
EU024852 41O22 4 terpene synthase/cyclase family protein NP_176361 E=2.4e-56 At1g61680
EU024852 41O22 5 zinc ion binding NP_176362 E=8.0e-164 At1g61690
EU024856 48I08 1 protein kinase, putative NP_190214 E=2.5e-153 At3g46290
EU024856 48I08 2 protein kinase-related NP_190213 E=1.2e-25 At3g46280
EU024856 48I08 3 protein kinase-related NP_190213 E=6.6e-9 At3g46280
EU024860 51F10
1
EMB1138 (EMBRYO DEFECTIVE 1138); ATP binding /ATP-
dependent helicase
NP_001031943 E=7.0e-82 At5g26742
EU024860 51F10 3 unknown protein NP_568485 E=1.0e-8 At5g26731
EU024860 51F10 2 unknown protein NP_187245 E=8.2e-27 At3g05940
EU024860 51F10 4 unknown protein NP_001118586 E=1.3e-8 At3g05936
EU024863 52I20 1 oxidoreductase NP_568767 E=2.3e-25 At5g51880
EU024863 52I20 4 unknown protein NP_568766 E=1.7e-9 At5g51840
EU024863 52I20 2 AGL42 (AGAMOUS LIKE 42); transcription factor NP_568952 E=1.3e-22 At5g62165
EU024863 52I20 3 unknown protein NP_201023 E=6.9e-19 At5g62170
EU024863 52I20 6a DNA binding / binding / protein binding / zinc ion binding NP_567188 E=1.2e-44 At4g00790
EU024863 52I20 6b unknown protein NP_567189 E=0 At4g00800
EU024864 53J04 3 unknown protein NP_564783 E=8.5e-41 At1g61667
EU024864 53J04 6 terpene synthase/cyclase family protein NP_176361 E=1.2e-123 At1g61680
EU024871 76K13 4 PTAC6 (PLASTID TRANSCRIPTIONALLY ACTIVE6) At: NP_564144 E=2.6e-54 At1g21600




































Figure I-1 Fosmid Key. 
The gene space diagrams that accompany this text share a common format for presentation of figures. 
Analysis of fosmids includes five horizontal panels: A through E (as depicted on the left side of the figure). 
Panel A graphically depicts the ab initio gene location and orientation predictions of the six FGENESH 
training models. Panel B depicts the outputs of Blastx searches of the GenBank non-redundant protein 
database, delimited to Arabidopsis. Panel C depicts the outputs of Blastn comparisons against Rosaceae 
ESTs. Panel D depicts the inferred locations and orientations of the putative gene sites inferred on the 
basis of Blastx homology-based analysis, and also depicts the locations of transposable element sites 
detected by structural analysis. Panel E provides a description of SSR content as detected by the SSRIT 
analysis. The information to the right provides a range of descriptive information that is found throughout 






Figure I-2 Chalcone synthase gene neighborhood. 
On fosmid 73I22, the targeted CHS gene is tandemly duplicated (as gene sites 1 and 2). Both CHS genes 
have complete, top-tier F-EST coverage, and were modeled. Gene site 4 encodes a putative 
transposable-element-related protein. Gene site 6 is artifactually truncated at its 3’ end by the fosmid 





Figure I-3 Chalcone isomerase gene neighborhood. 
On fosmid 48I08, the targeted CHI gene resides at gene site 4. It has complete, top-tier F-EST coverage. 
The 40S ribosomal protein (RPS13A) gene at site 6 has complete, top-tier F-EST coverage. Both of these 
genes were modeled. Three protein kinase genes and/or gene fragments reside sequentially adjacent to 
the CHI gene. Gene sites 1 and 8 are each truncated by the fosmid insert boundaries. The predicted 




Figure I-4 Dihydroflavonol 4-Reductase gene neighborhood. 
On fosmid 53O08, the targeted DFR gene resides at gene site 3. It has complete, top-tier F-EST 
coverage, and was modeled. Gene site 4 encodes a putative transposable-element-related protein. The 





Figure I-5  Regulator of Anthocyanin Biosynthesis gene neighborhood. 
On fosmid 76C08, the targeted RAN gene resides at gene site 6 [GL3 (GLABRA 3); transcription factor 
(bHLH 1)]. It has partial top-tier F-EST coverage. Gene site 1 encodes a putative transposable-element-
related protein. The sequence at gene site 7 is interrupted by the fosmid insert boundary: here, only the 5’ 





Figure I-6 Alcohol Dehydrogenase gene neighborhood. 
The targeted gene, ADH-1, is located on fosmid 14K06 at gene site 4. It has no top-tier F-EST coverage. 
A second ADH gene, ADH-2 resides at gene site 3. It has complete top-tier F-EST coverage, and was 
modeled. Gene sites 1 and 2 encode transposable-element-related proteins, and site 2 was identified as 





Figure I-7 Granule-Bound Starch Synthase-I gene neighborhood. 
On fosmid 52I20, the targeted GBSSI gene resides at gene site 7. It has partial, top-tier F-EST coverage. 
Gene sites 6a and 6b ostensibly encode distinctly different proteins; yet the stop codon of 6b and the start 
codon of 6a could not be determined, and a bridging, top-tier F-EST [GenBank: DY672167] seems to tie 
6a and 6b together transcriptionally (see boxed EST in 6a-6b region, Fig. I- 7). Interestingly, the 
Arabidopsis homologs of genes 6a and 6b are colinear with them (Table 3). The 60S ribosomal protein 




Figure I-8 Terpene Synthase gene neighborhood (one of two). 
On fosmid 41O22, two copies of the targeted TPS gene reside at gene sites 2 and 4, of which the gene 
site 2 sequence best matches that of the hybridization probe. Both TPS genes lack top-tier F-EST 
coverage. Each TPS gene has as its immediate neighbor a pentatricopeptide (PPR) gene (sites 1 and 3), 





Figure I-9 Terpene Synthase gene neighborhood (one of two). 
On fosmid 53J04, a single copy of the targeted TPS gene resides at gene site 6. The 5’ end of this gene’s 
sequence is artifactually truncated by a contig break, precluding establishment of the start codon location. 
The TPS gene has as its immediate neighbor a pentatricopeptide (PPR) gene (site 5). The gene of 
unknown function at site 3 has complete top-tier F-EST coverage, and was modeled. Gene site 7 





Figure I-10 PISTILLATA gene neighborhood. 
On fosmid 76K13, the targeted PISTILLATA gene is tandemly duplicated (as gene sites 2 and 3). The 
PISTILLATA copy at gene site 2 best matches the sequence of the hybridization probe. It has complete, 





Figure I-11 LEAFY gene neighborhood. 
The targeted LFY gene is located on fosmid 10B08 at gene site 1. It has no top-tier F-EST coverage. A 
Mutator-like (designated MuDR) repetitive element is located just upstream of the LFY gene. The 60S 
ribosomal protein (RPL12C) gene at site 3 has complete, top-tier F-EST coverage, and was modeled. 





Figure I-12 APETALA3 gene neighborhood. 
The targeted AP3 gene is located on fosmid 08G19 at gene site 2. It has no top-tier F-EST coverage. 
Gene site 7 encodes a putative transposable-element-related protein. Gene site 9 had no good quality 
Blastx hits, but had two top-tier F-EST matches [GenBank: DY667692 and DY674185], suggesting that 




Figure I-13 Phytochrome A gene neighborhood. 




Figure I-14 Elongated Hypocotyl 5 gene neighborhood. 
The targeted gene, HY5, resides at site 6 in fosmid 01I13. It has complete, top-tier FEST coverage, as do 





Figure I-15 CONSTANS-LIKE 2 gene neighborhood. 
The targeted CONSTANS-like gene resides at gene site 5 in fosmid 52B01. It has complete, top-tier F-
EST coverage, and was modeled. Gene site 2 is a Mutator-like (designated MuDR) repetitive element 
and encodes a putative transposable-element related protein. Gene site 3 had no good quality Blastx hit, 





Figure I-16 Suppressor of Constans Overexpression gene neighborhood. 
On fosmid 19H07, the targeted SOC1 gene is located at site 4. It has one top-tier F-EST match that does 





Figure I-17 cRGA1 Resistance-like gene neighborhood. 
Fosmid 34E24 contains a cluster of NBS-LRR disease resistance-like genes, one a fragment (site 3) and 
three evidently full length (sites 4,6, and 7), of which the site 6 gene was the best match to the 
hybridization probe. The genes at sites 4 and 6 have, respectively, one and two top-tier F-EST matches, 




Figure I-18 gRGA1 Resistance-like gene neighborhood. 
Fosmid 19M24 contains a pair of apparently full length NBS-LRR disease resistance-like genes (sites 2 
and 3), of which the site 3 gene was the best match to the hybridization probe. Site 2 has one top-tier F-
EST match that does not provide complete EST coverage, but suggests that this gene site is transcribed. 
Site 3 had no top-tier F-EST coverage. An LTR retrotransposon was identified in the region between gene 





Figure I-19 gRGA2 Resistance-like gene neighborhood (1). 






Figure I-20 gRGA2 Resistance-like gene neighborhood (2). 
In fosmid 32L07, the targeted NBS-LRR resistance-like gene (RPP13-like) is located at gene site 4. Site 4 
has one top-tier F-EST match that does not provide complete EST coverage, but suggests that this gene 




Figure I-21 gLRR Resistance-like gene neighborhood. 
On fosmid 49M15, the evident probe target was a disease resistance protein family gene at site 4a. Site 
4b has Blastx homology to a squalene epoxidase gene. Both genes are on the plus strand. Neither the 
stop codon of gene 4a nor the start codon of gene 4b could be confidently determined. Moreover, the two 
respective coding regions are bridged by a matching 1447 bp Malus cDNA sequence [GenBank: 
EG631376], suggesting that region 4a + 4b may be transcribed as a single unit. Note that regions 4a-4b 
are merged into one gene prediction by all six FGENESH models. Gene site 5 encodes a putative 
transposable-element-related protein, and is the site of an hAT repetitive element. Gene site 3 (unknown 
protein) has complete, top-tier FEST coverage, and was modeled.
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Flavanone 3-hydroxylase (F3H) is a key component of the anthocyanin 
biosynthetic pathway leading to the production of both pelargonidin and cyanidin 
pigments. Following a prior inquiry into the molecular identity of the classically defined 
color (c) locus in Fragaria vesca (L.),which pointed toF3Hwhile eliminating several other 
candidate genes, this investigation re-assessed the linkage association of the F3H gene 
and the c locus in an independent mapping population. The new mapping population 
consisted of the F2 progeny of a cross between F. vesca ssp. semperflorens ‘Yellow 
Wonder’ and F. vesca ssp. americana ‘Pawtuckaway’, designated as YPF2.  
Utilizing a previously constructed F. vesca ssp. americana ‘Pawtuckaway’ fosmid clone 
library as a resource (Chapter I), two clones that were identified as containing the F3H 
gene were utilized to develop gene-pair markers with which to perform this association 
study. Additionally, these fosmid clones, f01H23 and f53O01, were sequenced and the 
F3H gene neighborhood was defined and annotated. Initially, a low density linkage map 
primarily based on gene-pair and other PCR-based markers was constructed, and later 
fine mapping of the color locus region of LG1 was performed using markers developed 
on the basis of newly available reference genome sequence from F. vesca Hawaii4 
pseudo-chromosome 1.Recombination was found between the F3H gene and the color 
locus in this independent YPF2 population, definitively excluding it as a viable candidate 
for the color locus. Structural and regulatory genes of the anthocyanin biosynthetic 
pathway that were located on F. vesca pseudo-chromosome1 were then examined to 
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identify alternate candidate genes for the identity of the color locus. As a consequence 
of further association studies, a Myb-like gene, known to be from a family of genes 
involved in anthocyanin regulation in other species, was identified as linking with no 
recombination to the color locus. This gene qualifies on the basis of both location and 
putative function as a strong candidate for identity to the color locus, a hypothesis that 
can be tested in a future investigation.  
 
Introduction 
The United States is a major producer of cultivated strawberries, maintaining a 
25-30% share of the world market for greater than two decades (USDA-ERS 2013a). 
Strawberries are the third most valuable non-citrus fruit crop in the U.S., behind grapes, 
and apples (Perez and Plattner 2015a), and the US produced more than 1.5 million tons 
of strawberries (Perez and Plattner 2015c), worth an estimated $2.8 billion in 2012 
(Perez and Plattner 2015a). The cultivated strawberry’s (Fragaria ×ananassa) economic 
value largely rests on the consumer’s perception of the fruit’s quality.  Consequently, the 
maintenance and/or improvement of fruit quality are important objectives of strawberry 
breeding programs 
Fruit color, a highly noticeable aspect of fruit quality in strawberries (Fragaria 
spp.), is an important commercial trait. The accumulation of anthocyanin pigments 
pelargonidin and cyanidin in the vacuoles of the cells in the colored tissue are 
responsible for the appealing bright red color of cultivated strawberries (Ros et al. 
76 
 
2010). These are naturally occurring pigments in the cultivated strawberry, while in the 
mutant yellow or white-fruited Fragaria vesca forms, these pigments are absent 
(Mahoney, unpublished). 
In F. vesca, yellow fruit color is known to be conferred by a single genetic locus, 
where red (C) is dominant to yellow (c) color (Richardson 1920; Brown and Wareing 
1965).  However, the genetic basis of fruit color in the cultivated F. ×ananassa is poorly 
understood, predominantly due to its complex octoploid genome. The yellow/white fruit 
color trait in F. vesca, which is determined by homozygosity for the recessive c allele of 
a classical Mendelian locus first described by Richardson ( 1914; 1920; 1923), is 
characterized by the absence of any discernible red pigmentation in the receptacle 
tissue, suggesting that mutation from the wild type C allele to the mutant c allele 
entailed a complete loss of function. No alleles of intermediate effect have been 
described at this locus in F. vesca. However, the possible existence of alleles of 
intermediate function at this locus can be envisioned, just as alleles of intermediate 
function conferring intermediate shades of eye color are known at the classically defined 
white locus in Drosophila melanogaster (Beadle and Ephrussi 1937). Moreover, it is 
reasonable to speculate that the C locus also exists in the octoploid, cultivated 
strawberry, and that allelic variation at multiple copies of this locus expected in an 
octoploid could contribute to the range of fruit color variation in this economically 
important species. Thus, determination of the identity of the C locus in the more 
genetically tractable diploid model system is warranted, as knowledge of its identity and 
allelic variants may illuminate an important component of the genetic system controlling 
fruit color variation in the more genetically complex octoploid species. 
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Fragaria vesca, the diploid (2n=2x=14) model species used in this study, has a 
small genome of approximately 240 Mb (Shulaev et al. 2011), offers both yellow- and 
red-fruited varieties, and now has readily available genomic resources. Among these 
resources are the F. vesca fosmid clone library constructed for my Master’s thesis 
(Shields and Davis 2005) and the subsequent annotation of 20 gene-targeted fosmids 
(Davis et al. 2010) presented in Chapter I, as well as 30 randomly chosen fosmids 
(Pontaroli et al. 2009), a substantial expressed sequence tag (EST) collection (Brese 
and Davis 2006; Slovin et al. 2009), and the F. vesca reference genome (Shulaev et al. 
2011).  F. vesca has been implicated as an ancestral subgenome donor to the octoploid 
(2n=8x=56) strawberry F. ×ananassa, as well as to its octoploid progenitors F. 
chiloensis and F. virginiana (Rousseau-Gueutin et al. 2009). As such, F. vesca provides 
the opportunity to analyze a simpler genome as an appropriate paradigm for 
understanding the more complex octoploid genome of the cultivated strawberry. By 
using F. vesca, a relevant, ancestral diploid species, the research is greatly simplified.  
If the dominant C allele is present, the fruit will be red; if not, the fruit will be 
yellow/white.  
In a prior investigation, the Flavanone 3-hydroxylase (F3H) gene, a key 
component of the anthocyanin biosynthetic pathway leading to the production of both 
pelargonidin and cyanidin pigments, was implicated on the basis of linkage association 
as the likely molecular identity of the classically defined c locus (Deng & Davis 2001a). 
Deng assessed the extent of linkage association between alleles of six structural and 
regulatory candidate genes and the yellow fruit color trait in two F2 generation 
populations derived from crosses between red- and yellow-fruited parents. In these 
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mapping populations, segregating for red versus yellow fruit color, F3H was found to be 
linked without recombination to the c locus on linkage group I (Deng and Davis 2001b); 
however, the two segregating populations  (no longer extant) had been small, about 40 
individuals each. In another study, the F3H gene was sited on linkage group I (LG1) on 
the established F. vesca x F. bucharica (FVxFB) reference map (Sargent et al. 2007), 
but the c locus location was not determined, because that population was not 
segregating for red versus yellow fruit color.  
Working with the existing hypothesis (Deng and Davis 2001b) that the c locus 
encodes an enzyme or regulatory protein of the anthocyanin biosynthetic pathway, it is 
reasonable to assume that a mutation in the promoter and/or coding region of the 
responsible gene could account for the fruit color polymorphism. The initial approach to 
this study was to determine if, indeed, the F3H gene was the color locus, by confirming 
the fidelity of the reported linkage association in an independent data set. If the F3H 
gene were found not to be identical with the color locus, as indeed turned out to be the 
case, a search would continue for a suitable candidate gene or genes in the c locus 
region of LGI.  In fact, during the course of the current investigation, recombination was 
found between the F3H gene and the color locus in an independent mapping population 
(YPF2), and research efforts were redirected to identify new candidate genes and test 
them with appropriate markers for co-segregation with the red versus yellow 
phenotypes using the YPF2 population. 
Although the candidate gene approach is limited by how much is known of the 
biology of the pathway being investigated, the known structural and regulatory genes of 
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the anthocyanin biosynthetic pathway have been well described (Holton and Cornish 
1995; Grotewold 2006; Hichri et al. 2011), and a number of these genes had been 
previously investigated and eliminated as candidates by Deng and Davis (2001a; 
2001b).  
Anthocyanin synthesis is considered to be the most studied secondary metabolic 
pathway in plants (Koes et al. 2005; Petroni and Tonelli 2011). Transcriptional 
regulation of anthocyanin biosynthesis was initially studied in the monocot maize (Paz-
Ares et al. 1987), while snapdragon (Antirrhinum majus) and petunia were established 
as experimental models of the dicots in this system (Curtis and Clegg 1984; Holton and 
Cornish 1995; Mol et al. 1998; Jeleń et al. 2005). Work in these species led to the 
isolation of many structural and regulatory genes in the anthocyanin biosynthetic 
pathway. Transcription factors and structural genes are known to control fruit color at 
multiple levels (Allan et al. 2008; Carbone et al. 2009). In recent years, much focus has 
been placed on the MYB–bHLH–WD40 (MBW) complex that regulates the genes 
encoding enzymes specifically involved in the late steps of the pathway leading to the 
biosynthesis of anthocyanins (Lin-Wang et al. 2010; Hichri et al. 2011).  
The research reported in this chapter was directed toward two goals. The first 
was to test the hypothesis of identity between the classically defined fruit color locus (c) 
and the anthocyanin pathway gene F3H. Upon the rejection of this hypothesis, the 
second goal was to develop additional genomic resources and identify new gene 




Fosmid subcloning, plasmid sequencing, and fosmid annotation. 
Two fosmid clones used in this study, f01H23 and f53O01, from the F. vesca ssp. 
americana 'Pawtuckaway’ fosmid library (Davis et al. 2010) described in Chapter I, were 
previously determined to carry theF3H gene sequence (Shields and Davis 2005). Clone 
f01H23 had been subcloned into a plasmid library, then Sanger sequenced, and 
assembled (Shields and Davis 2005). The other clone, f53O01, had been end-
sequenced, then partially sequenced via primer walking (Shields and Davis 2005), but 
in the present study was subcloned, Sanger sequenced and assembled following the 
methods described by Shields (2005) with the following modifications. Ninety-six 
randomly chosen plasmid clones were sequenced bidirectionally and the sequences 
were then assembled into five contigs by the Genomics Core Facility, Purdue 
University, West Lafayette, IN. The resulting contig sequences were analyzed and 
spatially oriented by anchoring the contigs to the existing f01H23 and f53O01 
assemblies using NCBI nucleotide Blast alignments (Geer et al. 2010). Completion of 
the sequence assembly was accomplished by a combination of primer-walking and by 
aligning the sequences based upon comparisons to the F. vesca H4 (FvH4 v1.1) 
reference genome (Shulaev et al. 2011) assembly archived by the GDR (Jung et al. 
2014). Assembled sequence for both fosmid clones was annotated as described in 




An initial cross was made between the Fragaria vesca ssp. semperflorens var. 
‘Yellow Wonder’ (Europe) (commercially available from W. Atlee Burpee and Co., 
Warminster, Pa.) (♀) and Fragaria vesca ssp. americana var. ‘Pawtuckaway’ PI 657856 
(♂).  ‘Yellow Wonder’ (Y) has the recessive mutant allele (c), bearing yellow fruit, while 
‘Pawtuckaway’ (P) has the dominant, wild type, allele (C), bearing red fruit. A self-cross 
was made using an F1 individual (F1X) to create an F2 mapping population, designated 
as YPF2, containing 96 individuals and segregating for red vs. yellow fruit color. 
Subsequently, F1X was again self-crossed creating a second similarly segregating F2 
mapping population, designated as YPF2A, containing 92 individuals. All plants were 
raised and maintained in potting soil in 8” plastic pots in the MacFarlane Research 
Greenhouse at the University of New Hampshire, Durham NH, USA. 
DNA isolation. 
The DNA samples for the YPF2 population plants were initially isolated from one 
or two young, furled leaves per plant using a modified CTAB miniprep protocol, as 
described previously in Davis et al. (1995) with the following exceptions: after 
transferring the ground tissue CTAB slurry into a fresh 1.5 mL tube, 500-800 µL of 24:1 
chloroform octanol was added to barely fill the tube; and after raising the DNA pellet in 
TE, the  suspension was treated with an equal volume of freshly prepared 10 µg/mL 
RNase A. DNA was quantified using a Qubit 2.0 fluorometer according to the 
manufacturers’ recommendations. DNA was diluted with nuclease-free water to a 
working concentration of approximately 10 ng/µL, for use in PCR analysis.  
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The DNA for the YPF2A population was isolated with the E-Z® 96 Plant DNA kit 
(Omega Bio-Tek, Inc.), using 30-50 mg of fresh young, furled leaf tissue samples, 
following the procedure as described by Gilmore et al. (2011), including the use of 
Proteinase K. DNA was quantified using a Qubit 2.0 fluorometer according to the 
manufacturers’ recommendations.  Aliquots of the concentrated DNA were diluted with 
an equal volume of 0.5X TE, and then further diluted with nuclease-free water to a final 
concentration of approximately 10 ng/µL, for use in PCR analysis. 
Marker selection and genotyping. 
The parental trio [F1X and its parents F. vesca ssp. semperflorens ‘Yellow 
Wonder’ (Y) and F. vesca ssp. americana ‘Pawtuckaway’ (P)], the YPF2 individuals 
(Appendix C, Table C-1) and YPF2A individuals (Appendix C, Table C-2) were visually 
examined for the segregating fruit color trait. Each plant was classified phenotypically 
(and genotypically)as either red- (C_) or yellow- (cc) fruited, and, following JoinMap 4.1 
(van Ooijen 2006)genotyping conventions, represented ‘a’ for the homozygous 
recessive genotype (cc)or as ‘c’ for the not-homozygous recessive genotype (C_). 
Several types of markers, referred to generically as ‘PCR-based’ and all listed in 
Appendix C, Table C-3, were used for the low density mapping of the YPF2 population. 
Sources are listed for those markers not designed by the author. Markers in the first 
category were designed with sequence from F. vesca ssp. americana ‘Pawtuckaway’ 
fosmid clones (Shields and Davis 2005; Davis et al. 2010).The resulting sequences and 
assembled contigs from the fosmids allowed identification of gene pair relationships, i.e. 
where a gene pair consists of two immediately adjacent genes, and provided DNA 
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sequence information needed to develop gene pair markers (Davis et al. 2007), and 
then using DNAStar PrimerSelect (LaserGene, Madison, WI) software to design gene 
pair primers. For those markers that required restriction digest, the restriction enzyme is 
listed. All restriction digests were performed using the recommended temperature for 
the enzyme and incubated for two hours. 
When the F. vesca ssp. vesca ‘Hawaii 4’v1.0 (FvH4) reference genome 
sequence (Shulaev et al. 2011) became available, additional allele-specific SNP 
markers were developed by Yilong Yang, who designed bioinformatics pipeline that 
identified primer pairs, each pair framing an AluI restriction site, where that site 
displayed a SNP between the parental pair, ‘Yellow Wonder’ (Y) and ‘Pawtuckaway’ (P). 
These markers are identified with the prefix ‘Alu’ followed by a number where the 
numbers were sequential in the order they were designed (but not all were mapped). 
Similarly, Yang identified primer pairs flanking indels between the Y and P parents 
allowing for detection of a fragment size polymorphism. The indel markers were 
identified with the prefix ‘Ind’ followed by a number representing their approximate 
position on the FvH4 pseudochromosome. The SNP and indel markers were introduced 
specifically to determine the breadth of the region found lacking recombination with the 
color locus, and were located at broad intervals (up to 1 Mb in the FvH4 reference 
sequence) from the existing markers. 
The final category of marker was based on introduced fragment length 
polymorphism. Illumina GEX PCR Primer 1 (Illumina®, SD, CA) linkers were added as a 
tag on one of the pair of primers to create an artificial fragment-size polymorphism in the 
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marker where an existing indel polymorphism was too small to be readily resolved on an 
agarose gel. 
Genotyping of the markers on the YPF2 and YPF2A populations were performed 
via polymerase chain reaction (PCR) and restriction digest analysis. PCRs were 
prepared using LongAmp®Taq or Crimson LongAmp®Taq DNA polymerase (NEB, 
Ipswich, MA) according to the manufacturer’s protocol. PCR-based markers were 
amplified using primer pairs and annealing temperatures indicated in Appendix C, Table 
C-3. Where necessary, amplicons were digested with restriction enzymes (NEB) as 
listed in Appendix C, Table C-3, according to the manufacturer’s protocol. PCR products 
and restriction digests were visualized and genotypes scored via gel electrophoresis on 
1X tris borate EDTA (TBE)1% agarose gels that were either cast with 0.001% 
SYBRSafe (per manufacturer’s protocol) or post-stained in an ethidium bromide solution 
(0.5 μg/mL), and then visualized with UV transillumination. Per JoinMap v 4.1 (van 
Ooijen 2006)  genotyping conventions, banding patterns indicating homozygosity for an 
allele from F. vesca ssp. semperflorens ‘Yellow Wonder’ coded as ‘a’, while 
homozygosity for an allele from F. vesca ssp. americana ‘Pawtuckaway’ are coded as 
‘b’, and heterozygosity is coded as ‘h’. 
Linkage map construction. 
Assignment of linkage groups was performed on a set of 66 PCR-based markers 
using 72 individuals from the YPF2 population (Appendix C, Table C-4). Note that 72 
individuals were used here, rather than the entire population of 96, due to excessive 
missing genotype data for all but those found on linkage group I (the focus of this 
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inquiry). The genetic map was constructed by maximum likelihood mapping using the 
Haldane mapping function in JoinMap 4.1 (van Ooijen 2006) with default settings, 
except that linkage was called applying the Independence logarithm of odds (LOD) 
start/stop values of 3.0/11.0, respectively. Once markers were assigned to linkage 
groups, further fine mapping was performed on linkage group I (LG1). For this, the 
foundation of the map used the PCR-based markers assigned to LG1, above, but using 
94 YPF2 individuals (Appendix C, Table C-5) and with Independence LOD start/stop 
values of 3.0/20.0, respectively. 
Candidate gene identification. 
Structural and regulatory genes in the anthocyanin biosynthetic pathway were 
identified referring to the list of genetic loci and structural genes reported by Holton and 
Cornish (1995), Manning (1998), and the nucleotide sequence from a variety of model 
organisms, including Arabidopsis, grape, and apple, among others. To obtain 
homology-based gene inferences, sequence relevant to the anthocyanin pathway was 
initially subjected to Blastx and Blastn (NCBI) (Geer et al. 2010)queries of relevant 
GenBank databases using default parameters. Blastx searches were performed against 
the Viridiplantae and Arabidopsis thaliana databases, for the purposes of locating 
putative protein-encoding genes and establishing putative gene identities. Blastn 
searches of the "EST others" database and limited to the Fragaria taxid were used to 
identify supporting ESTs in Fragaria as a means of identifying gene locations. 
Sequences for genes found were then blasted against the GDR database (Jung et al. 
2014) to confirm the locations of homologues in the F. vesca ssp. vesca ‘Hawaii’ (FvH4) 
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pseudo chromosome and scaffold sequence  (Shulaev et al. 2011). Using these known 
locations, the Integrative Genomics Viewer (IGV) (Robinson et al. 2011; Thorvaldsdottir 
et al. 2013) was used with the FvH4 reference genome (fvesca1.1_full_nnew.fa) and 
sequence reads from F. vesca ssp. americana 'Pawtuckaway’ 
(Paw.fix.1.2.sort.nodups.reheader.realigned.bam) to identify polymorphisms. 
 
Results 
Fosmid sequence assembly. 
Five ordered insert sequence contigs, bounded by fosmid vector, were obtained 
for fosmid clone f53O01. The contigs ranged in size from 2,108 to 13,197 bp (Appendix 
C, Table C-6through C-10). Sequence gaps were filled using primer-walking, and the 
total length of the insert sequence generated for f53O01 was 43,036 bp (Appendix C, 
Table C-11). Fosmid clone f01H23, previously sequenced (Shields and Davis 2005) but 
not completed until this study with a length of 39,982 bp (Appendix C, Table C-12),  was 
aligned to the f53O01 sequence, with a 7,953 bp overlap. The two fosmid sequences 
were then combined, resulting in a total contig length of 75,065 bp in the F3H 
neighborhood, (Appendix C, Table C-13). Both fosmid insert sequences have been 




F3H neighborhood annotation. 
Figure II-1provides a key to the icons, abbreviations, and other conventions 
employed in the annotation figure. The results of the bioinformatic analyses are 
presented in two forms: graphical (Fig. II-2) and tabular (Table II-1). Several categories 
of genetic elements were identified, including protein-encoding genes, expressed 
sequences, and simple sequence repeats (SSRs). As described previously in Chapter 
I(Davis and Shields et al. 2010), a ‘Fosmid Figure’, or here the’F3H neighborhood’ 
annotation figure (Fig. II-2), consists of five parts. This figure presents the annotated 
features of the combined insert sequence of the two fosmids, f01H23 and f53O01. Part 
A depicts the ab initio predictions of the six FGENESH training models. Part B depicts 
the output of Blastx homology searches of the NCBI protein database, delimited to 
Arabidopsis or Viridiplantae. Part C depicts the output of Blastn homology searches of 
the NCBI EST database (previously ‘EST Others’), delimited to the Rosaceae family. 
Fragaria EST matches are boxed. Part D provides a graphic representation of the 
annotated features of the F3H neighborhood (F3Hn), wherein each icon-coded gene 
site is coupled to its supporting evidence and FGENESH predictions (if any) by a 
vertical, gray stripe. Part E depicts the SSR sequence motifs, the repeat numbers of 
SSR loci and their start positions.  
Finally, the F3Hn figure is accompanied by an abbreviated spreadsheet that 
provides information about the annotated gene sites, including strand assignments, 
putative start and stop codon sites, and putative gene product identity. The more 
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detailed listing of the homology-based evidence supporting each gene site identification 
is provided in Table II-1. 
Ab initio predictions (F3Hn Figure: Part A).  
The number of predicted protein encoding genes varied among the six 
FGENESH models (Table II-2), ranging from 14 (Vv and Monocot models) to 19 (Nt 
model). Subsequent generation of a collection of homology based inferences, as 
detailed below, provided a foundation for comparison with the results of the six ab initio 
models. 
Blastx homology (F3Hn Figure: Part B).  
Blastx searches of the NCBI Arabidopsis and Viridiplantae protein databases, 
employing the combined F3Hn fosmid inserts as the query sequence, were used to 
identify protein-encoding gene sites, including intact genes, pseudogenes, and TE-
related proteins, where present. Using a conservative cutoff of e = 10-10 (Pontaroli et al. 
2009), ten gene sites were identified, while a less conservative cutoff of e =10-5 yielded 
one additional gene sites. With reference to their best Blastx matches, nine gene sites 
encoded proteins with tentative or definitive functional identities, and two encoded 
“unknown proteins”, but one of those had a defined WEB (weak chloroplast movement 
under blue light, also called WEMBL) domain. The strand assignments of each of these 
11 genes sites are provided in the F3Hn Fosmid Figure II-2 and in Table II-1 
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Blastn homology (F3Hn Figure: Part C).  
With the parameters used for the Blastn searches of the NCBI Rosaceae EST 
database, greater than 100 “top-tier” (≥ 95% sequence identity) EST matches were 
recovered, of which up to five are recorded for each applicable gene site (Table II-1). 
Among these, Fragaria ESTs (F-ESTs) were identified for four gene sites [coded in red]. 
Only one gene site displayed complete F-EST coverage, providing a basis for 
establishing a gene model, as addressed below. Several “second-tier” (85-94% identity 
range) ESTs from Fragaria and other rosaceous species (including Malus, Prunus, and 
Rosa) occurred at a number of the identified gene sites, and elsewhere within the 
fosmid sequences.  
Comparison of ab initio predictions and homology-based inferences.  
Evaluating the differing outputs of the six FGENESH ab initio models relied on 
homology based inferences of gene site numbers and locations and of start and stop 
codon positions. As previously noted, the number of predicted genes varied among ab 
initio models (Table II-2). As compared with the number of 11 Blastx inferred gene sites, 
all the FGENSH models over-predicted the number of protein-encoding genetic 
elements. 
The number of unsupported ab initio predictions ranged from 3 (Vv) to 8 (Nt) 
(Table II-2). For each of the Blastx-identified genes, start and stop codon positions were 
investigated on the basis of homology searches supplemented by manual examination 
of reading frames as displayed by SeqBuilder (LaserGene, DNAStar v10.0). This 
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homology-based analysis established the putative locations of 9 start and 11 stop 
codons. Regarding homology based inferences of start and stop codon positions, the 
closest overall agreement among the six FGENESH models was provided by the At 
model, followed by both the Nt and Sl models (Table II-2). 
Gene content and gene modeling  
Support for eleven genes was found in the F3H neighborhood, yielding a gene 
density of one gene site per 6.8 kb. Using the GeneSeqer program, intron locations 
were determined for the one gene, F3H, for which complete coding sequence (cds) F-
EST coverage was available. This information, in combination with previously detailed 
determinations of start and stop codon locations, provided a basis for defining the gene 
model depicted in Table II-3. 
F3H neighborhood. 
The targeted F3H gene was contained entirely within the boundaries of fosmid 
clone f01h23 and located at the vector border of f53O01; placing it centrally in the 
combined sequence region, or ‘F3H neighborhood’. F3H and the other ten genes 
identified in the F3H neighborhood are depicted in the F3Hn figure (Fig. II-2) and listed 
in Table II-1.  
From the sequence content information provided by annotation of this region, two 
sets of gene-pair primers were designed flankingF3H to assess its likelihood as the 
candidate gene for the color locus. With respect to the F3Hn figure (Fig. II-2), the target 
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site of the CDPK-bHLH primer pair was located upstream of F3H, while the second pair 
utilizing F3H and Chalcone-flavanone isomerase was targeted to a downstream site.  
SSR content. 
With search parameters set for pentamers as the maximum repeat length (i.e., 
repeat length ≤ 5 nucleotides) and five as the minimum number of repeat units, SSRs 
were identified by the SSRIT analysis.  The F3Hn Figure (Fig. II-2) depicts the locations, 
motif sequences, and repeat lengths of these SSR sites. The total number of qualifying 
SSRs found in the F3Hn fosmid inserts was 16, giving an average SSR distribution of 
~1 per 4.7 kb. The numbers/frequencies of the various SSR repeat types are 
summarized in Table II-4. 
Of the 16 SSRs found in the F3Hn fosmid inserts, there were 14 di-nucleotide 
repeat SSRs and 2 tri-nucleotide repeats, and no tetra- or penta- nucleotide repeats. 
The longest repeat was a 26 AG (= AG and GA) repeat, with the next longest being 12 
repeats found for two di-nucleotides, an AG and an AT repeat (Table II-4).  
Genetic Linkage Map. 
Genetic linkage mapping was performed using segregation data obtained for 72 
(Appendix C, Table C-4) of the original 96individuals in the YPF2 mapping population 
(Appendix C, Table C-1) segregating for fruit color, using 63 PCR-based markers and 3 
phenotypic markers. Linkage analysis was performed using JoinMap 4.1 (van Ooijen 
2006) to produce a map with the markers distributed across the expected seven linkage 
groups for the genus Fragaria. Twenty-four YPF2 individuals were excluded due to 
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excessive missing genotypic data for linkage groups II-VII. This low density map has an 
overall length of 403.6 cM with 51 loci representing 62 markers (Fig. II-3). One YPF2 
individual (YP45) of the original 72 was excluded due to ambiguities that indicated 
uncertain plant identity. One marker (ANS_1A798-1A798) could not be placed on any 
linkage group, even if the minimum Independent LOD was reduced to 0. Three markers 
[14K06 (ADH-KOW), ADH-KOW_B, ADH-KOW_C] were excluded due to excessive 
missing data. Where genotypes for all individuals were identical for more than one 
marker, those markers were merged into ‘bins’. There are four bins with two to seven 
markers per bin on LG1, the linkage group that was the focus of fine mapping of the 
color locus region. On this map, F3H is represented by the two-marker bin 01H23 
(CDPK-bHLH), which includes marker 53O01 (CFI-F3H). There are two markers, PGLM 
(Sargent) and ATPK6, co-locating on LG6 forming one locus, but they do not form a bin 
as they each have different missing genotypes. 
Linkage group I fine mapping. 
Fine mapping of the color locus region was performed using segregation data 
obtained for 94 individuals of the YPF2 mapping population with 17 PCR-based markers 
and the fruit color phenotypes on linkage group 1 (LG1) (Appendix C, Table C-5).Two 
YPF2 individuals (YP45 and YP80) of the original 96 (Appendix C, Table C-1) were 
excluded due to genotypic ambiguities that suggested uncertain plant identities. The 
linkage group I map (Fig II-4) has a length of 28.8 cM with ten loci representing the 17 
markers, whereto of these loci (bins) represent a total of nine markers. Note that this 
LG1 map (Fig. II-4), based on 94 YPF2 individuals, differs in length from the linkage 
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map presented in Fig. II-3, which is based on 72 individuals. All markers were 
associated with the linkage group to a stringent LOD of 19.0. 
Marker data at and near the c locus. 
Recombination was seen between F3H and the color locus (Fig. II-5) resulting in 
a measured map distance of 7.4 cM (Fig. II-4), definitively rejecting it as a candidate for 
molecular identity to the color locus. Thus, it became necessary to identify a new 
candidate gene or genes for the color locus. To qualify as a candidate, a gene must 
plausibly execute a pertinent role in fruit color development and must be located on LG1 
in the region of no recombination with the c locus. 
In contrast to the results found for F3H, there was no recombination found 
between the marker Myb10B bin and the color locus (Fig. II-5, Appendix C, Tables C-1 
and C-2). The Alu markers found in this bin, Alu7 – Alu10, were specifically designed to 
delimit the boundaries of the physical region corresponding to the linkage map region 
that was without recombination with the color locus. Thus, the Alu markers were chosen 
based on their locations at broad intervals (up to 1 Mb) away from any existing markers 
already found in the zero recombination region. The physical region encompassed by 
the Myb10B bin, which displayed no recombination with the color locus, spans greater 
than 4 Mb of reference genome sequence. To confirm the lack of recombination in this 
large region, validation was performed with markers 76C08, Myb10A, Myb10B, and 
Alu7 through Alu10, on an independent population segregating for fruit color, YPF2A, 
consisting of 83 individuals (Appendix C, Table C-2). No recombination was seen 




A list of genes found in the anthocyanin biosynthetic pathway and on LG1 was 
assembled from the literature (Table II-5). Blastx searches of the NCBI Arabidopsis 
sequence for the potential candidates identified protein-encoding gene sites. Blastn 
searches of the GDR (Jung et al. 2014)FvH4 v 1.1 database were used to identify their 
locations on the FvH4 v1.1 pseudochromosomes and scaffolds. The results of these 
similarity searches reduced the list to a handful of candidate genes: a basic helix-loop-
helix (bHLH) gene designated as RAN (for regulation of anthocyanin biosynthetic 
pathway) (Deng & Davis 2001), a glutathione S-transferase (GST) gene; a UDP-
rhamnose: rhamnosyltransferase (RT1B) gene and two Myb-like genes (Myb10A. 
Myb10B). Comparisons of the FvH4 sequence to F. vesca ‘Pawtuckaway’ (FvaP) on the 
Integrative Genomics Viewer (IGV) (Thorvaldsdottir et al. 2013) for the resulting list of 
candidate genes revealed polymorphisms that are presented in Appendix C, Tables 14-
17. Note that Deng and Davis (2001a; 2001b) had excluded the RAN gene, found in 
f76C08,as a candidate because it was found to have recombination between it and the 
color locus and was placed on LG5 in the mapping populations of that study. The 
76C08 marker was designed in a different region of the fosmid (not using the RAN 
gene), linked without recombination to the color locus on LG1in the YPF2 mapping 





The annotation of the F3H neighborhood described here follows from the study 
by Deng and Davis (2001), which implicated the Flavanone-3-hydroxylase (F3H) gene 
as the molecular identity of the F. vesca c (yellow fruit color)locus. The content and 
structure of this targeted region is reported here and adds to the cumulative generation 
of over 1.75 Mb of genomic sequence by our previous investigations of the 20 gene-
targeted sites (Davis et al. 2010) and the companion study of 30 randomly selected 
sites (Pontaroli et al. 2009). 
The genomic frequency of gene sites identified in this study, at one gene site per 
6.8 kb, differed somewhat from the study of 20 gene-targeted fosmid clones (Davis et 
al. 2010), at one per 5.9 kb, and the 30 randomly selected clones (Pontaroli et al. 2009), 
at one per 5.7 kb. The discrepancies among these gene densities may be accounted for 
by the likelihood that the set of random clones (Pontaroli et al. 2009) would be a closer 
representation of the genome as a whole, as some of the random clones would be 
expected to contain gene deserts from transposable elements, contrasting with gene-
targeted regions which could reasonably be expected to be gene-rich. The lower gene 
density of the F3H neighborhood is most likely due to it being only a sampling of two 
fosmids and so could be expected to differ from the larger sampling in Chapter I (Davis 
et al. 2010) by chance alone.
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As hypothesized in Chapter I (Davis et al. 2010), the taxa most closely related 
phylogenetically to Fragaria would be expected to provide the best training models for 
analysis. The six FGENESH ab initio models were therefore evaluated by comparison to 
the homology-based inferences of gene site locations and numbers, as well as start and 
stop codon positions. As compared with the eleven Blastx inferred gene sites, analysis 
indicated that the six FGENESH models for this region were unilaterally prone to over-
predict protein-encoding genetic elements (Table II-2).Even with gene-merging present 
in two of the ab initio models (At and Mt), which should promote under-prediction, those 
models still maintained a margin of over-prediction. Over-prediction was principally due 
to absence of homology-based support for the gene location at some sites of ab initio 
prediction. The discrepancy between the homology based inference of 11 gene sites 
and the lesser numbers of inferred start codon locations in the ab initio predictions was 
primarily the result of the lack of EST support. With respect to the “accurate” prediction 
of start and stop codons, the Arabidopsis (At), Nicotiana (Nt), and tomato (Sl) models 
were only marginally better than the Medicago (Mt), monocot (Mo), and Vitis (Vv) 
models. 
With these results and the reported variable results of under- and over-prediction 
for the 131 identified protein-encoding genes in the 20 targeted fosmids (Davis et al. 
2010) detailed in Chapter I, none of the training models used stands out as being 
exceptionally well-suited for Fragaria.  The question arises as to the efficacy of the 
chosen ab initio models or the gene prediction program. A taxonomic search on 
ITIS.gov [Retrieved (29 November 2015), from the Integrated Taxonomic Information 
System (ITIS) (http://www.itis.gov)] of the FGENESH training dicot models used in these 
97 
 
studies (Arabidopsis, Solanum, Medicago, Nicotiana, Vitus) reveals that all are in the 
same taxonomic Superorder as Fragaria (Rosanae), but none share the same Order 
(Rosales), which is also true of all other dicot species and genera currently listed on 
FGENESH. Having the F. vesca reference genome (Shulaev et al. 2011) now available, 
the best option for future use of FGENESH in strawberry would be to construct a 
Fragaria training model, but this has not been prepared to date. 
Another option would be to investigate other ab initio programs, such as 
GeneScan, GeneMark, GlimmerR or Grail. A report by Yao et al. (2005) evaluated all 
these programs using a set of eight novel maize genes and determined that FGENESH 
yielded the most accurate results, with GeneMark next most accurate. GeneMark was 
used by Shulaev et al. (2011) to estimate the 33,000-35,000 genes they reported for the 
F. vesca reference genome. Subsequently, Darwish et al. (2015) reported that 
GeneMark annotations appear to include systematic errors, which may couple together 
two or more adjacent genes and represent them as one gene. Darwish et al. (2015) 
have sincere-annotated the F. vesca reference genome using Maker software which,  
by increasing the annotation accuracy based on extensive transcriptome data, predicted 
an additional 2,286 genes. 
Boundaries of coding sequence are best identified by comparison of genomic 
sequence to ESTs, an approach that is complemented by ab initio gene predictions 
provided by other methods, such as FGENESH. Only one gene Flavanone 3-
hydroxylase (F3H), the target gene for both f01H23 and f53O01, had complete, top-tier 
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F-EST support (Table II-1), offering sufficient EST support to provide complete 
delineation of exon/intron boundaries as a basis for gene modeling.  
The only other gene found on f01H23 which had top-tier F-EST coverage was 
the DnaJ heat shock chaperone gene, but not all of that gene could be modeled. Only 
one other gene had >85% F-EST coverage, while of the remaining eight genes, three 
maintain >85% identity with an EST in the Viridiplantae database, mainly from Malus, 
Rosa and Prunus, and five display <85% identity. 
SSR loci are frequently being used in marker assisted selection (Dirlewanger et 
al. 2004; Collard and Mackill 2008) and in diversity studies (Davis et al. 2006) in 
Fragaria. Due to their codominant and polymorphic nature, their relative ease of 
development from EST collections and enriched genomic libraries, and abundance in 
the genome (Sargent et al. 2003; 2011), they have been the preferred marker in the 
genus Fragaria for linkage map development (Hadonou et al. 2004; Sargent et al. 
2006),proving to be the most reliable for octoploid maps (Sargent et al. 2012; 2011; 
2006; van Dijk et al. 2010) until the advent of the Axiom® SNP Array markers (Bassil 
and Davis et al. 2015; Sargent et al. 2015).  
Having gleaned information on the SSRs present in the fosmid neighborhood 
sequence, the potential was there for using these SSRs for markers. At the beginning of 
the fosmid-related research, our sequence resources were limited primarily to the 
fosmid sequence (with no reference genome with which to compare marker sequence 
to identify polymorphisms. For the needed gene-specific markers, polymorphism 
discovery was by necessity a trial and error procedure: make primers for SSR sites or 
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spanning introns or gene pairs, and then try them to see which detected 
polymorphisms.  
Although SSRs occur at about one SSR site per 5 kb, most of these sites are not 
conducive to primer design because they tend to occur in repetitive regions, nor is it 
certain that the few available in this sequence would be polymorphic. SSRs are also 
more expensive to genotype than gene pair or intron-spanning markers, because they 
usually require fluorescence labeling and genotyping on an ABI genetic analyzer. 
Utilizing intron space was a possibility, but the gene pair approach was preferred 
because intergenic space is larger than intron space, hence providing more opportunity 
to find polymorphism, and also intergenic space is less conserved than intron space 
(which is less conserved than exon space). Additionally, concurrent with my research, 
the Davis lab was performing proof-of-concept assays using the gene-pair primers, so 
they were the reasonable choice and were able to sufficiently provide the required 
gene-specific markers. 
Color locus. 
The research described here follows from the study by Deng and Davis (2001a), 
which implicated the Flavanone-3-hydroxylase (F3H) gene as the molecular identity of 
the F. vesca c (yellow fruit color) locus, and relies on results obtained from the 
annotation of the F3H neighborhood, above. Using the candidate gene approach, Deng 
and Davis (2001a) performed a linkage association analysis on five functional (CHS, 
CHI, F3H, DFR, ANS) and one regulatory gene (RAN) from the anthocyanin 
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biosynthetic pathway in an attempt to determine the molecular identity of the Fragaria 
vesca c (yellow color) locus. Collecting data from two F2 populations segregating for red 
vs. yellow fruit color, Deng’s investigation led to the finding that F3H alone, among 
these candidates, cosegregated without recombination with the fruit color locus on 
linkage group I (LG1).  
Deng (Deng and Davis 2001a) concluded that he had determined the likely 
molecular identity of the color locus. The findings were conclusive in eliminating the 
other five candidates as the c locus; however, the putative identity of F3H as the color 
locus was not confirmed via molecular complementation, leaving a need for further 
investigation.  
The current study began by testing the hypothesis of identity between F3Hand 
the color locus in F. vesca. As in Deng’s investigation, an F2 mapping population 
segregating for fruit color was produced, again using Fragaria vesca ssp. semperflorens 
var. ‘Yellow Wonder’ as the maternal parent, but using red-fruited Fragaria vesca ssp. 
americana var. ‘Pawtuckaway’ as the paternal parent. Of the original 114 individuals in 
the F2 mapping population (YPF2), 96 were visually scored for fruit color and 94 of 
these used for the initial mapping. A number of the original members of the population 
expired, while confidence in the identity of some of the others was put in question over 
time to due to the possibility of errors in plant identification during long term 
maintenance and re-propagation. 
The previously constructed Fragaria vesca ssp. americana ‘Pawtuckaway’ fosmid 
library (Shields and Davis 2005) provided the initial sequence resource for developing 
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the markers used here. Although a total of 66 markers were developed for mapping the 
YPF2 population, 16 were developed for working specifically with LG1, where the color 
locus resides (Appendix C, Table C-3). Gene pair markers CFI-F3H and CDPK-bHLH 
were designed using F3Hn sequence from fosmid clones f01H23 and f53O01, to flank 
the F3H gene. These two markers identified nine informative recombinants (Fig.II-5) 
among the 94 individuals of the YPF2 population. CDPK-bHLH and CFI-F3H were 
found to be separated from the color locus by 9 and 10 recombination events, 
respectively. Recombination between F3H and the color locus, alone, is sufficient to 
reject the hypothesis that F3H is the color locus.  
The discrepancy between Deng’s (Deng and Davis 2001a) and the current 
study’s results may be accounted for by limitations to the Deng study. Noting that the 
YPF2 population is larger in size than the two populations combined in Deng’s study, 
and noting how few of the individuals in the current set were informative (i.e., revealing 
recombination), it can be reasonably speculated that the Deng populations may not 
have had enough individuals to allow discovery of existing recombination.  
Genetic linkage mapping relies upon marker segregation data from an 
appropriate progeny population, one that comes from genetically distinct parents. The 
parents need to be adequately diverged to produce an F1 hybrid that will be sufficiently 
heterozygous to produce an informative F2 generation, i.e. one with ample 
polymorphism.  
The YPF2 population in this study was the result of an intraspecific cross 
between F. vesca subspecies semperflorens (‘Yellow Wonder’) and americana 
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(‘Pawtuckaway’), whereas one of the populations in Deng’s study (Deng & Davis 2001a) 
was the result of a broader, interspecific cross between F. vesca and F. bucharica 
(YWxFRA520). It is possible that evolutionary divergence between these two species 
resulted in some loss of meiotic pairing affinity, thus reducing the opportunity for 
recombination.  
Deng’s other cross between F. vesca subspecies bracteata and vesca 
(DN1CxYW),   while possibly no wider than the Y x P cross employed in the present 
study, nevertheless differed in crossing direction by employing the cultivated ‘Alpine’ 
parent, ‘Yellow Wonder’, as the male rather than the female parent. This is relevant 
because it has been previously documented that there is a substantial difference in 
sexual fertility between reciprocal hybrids involving subspecies americana and vesca, 
with the americana x vesca hybrid displaying greatly reduced sexual fertility, which may 
be a predictor of reduced recombination potential (Reavey and Davis 2002). 
Candidate genes. 
With F3H eliminated as a candidate gene, the search continued for identifying 
the molecular identity of the color locus. Attendant with the search for a new candidate 
gene, a series of broadly spaced SNP and indel markers (Alu 6 - Alu10, Ind19M, 
Ind20M) were developed to determine the boundaries of the region lacking 
recombination with the color locus. The region found was quite large, greater than 4 Mb. 
Note that on the low density genetic linkage map (Fig. II-3) all markers in the Myb10B 
bin cosegregated with the color locus, as expected for identically genotyped markers, 
yet is represented by a non-zero (i.e., 0.1) cM distance on the LG1 map (Fig. II- 4). ). 
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The reporting of a 0.1 cM distance appears to be a consequence of inconsistencies in 
JoinMap’s interpretation of different population sizes (72 YPF2 individuals for the low 
density map vs. 94 for the LG1 map) although the same genotyping data for the 
common individuals is used. Additionally, JoinMap may not be able to compensate 
appropriately for the incomplete specification of fruit color locus genotype (C_), which is 
the only incompletely specified marker genotype in the data set. 
Recombination events are known to be unevenly distributed throughout 
eukaryotic genomes, and can lead to genetic map distortion, hindering identification of 
genes by map-based techniques (Petes 2001). The ’cold spot’ of recombination in this 
study has made it difficult to identify any specific gene as the color locus by this method. 
Recombination appears to be repressed in this region through unknown causes. One 
possible cause is that this region may be near the centromere and under its influence 
(Petes et al. 2001). It has been demonstrated that the centromere repressed crossing 
over in chromosome III in yeast (Lambie and Roeder 2015).Another possible cause is 
that there could be small inversions or rearrangements in this region that could interfere 
with meiotic pairing of homologs. Maguire (1986) reported that short segment 
chromosomal rearrangements resulted in a sharp reduction of chiasma frequency in 
maize 
To identify new candidate genes, two basic parameters must be met: they must 
be putative structural or regulatory genes in the anthocyanin biosynthetic pathway, 
related to the synthesis of cyanidin and pelargonidin, and that these genes be located 
on LG1 but must not be in the regions displaying recombination with the color locus 
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(Fig. II-5), which are delimited to the regions distal to markers Alu6 upstream and 
Ind19M downstream of the color locus. With the publication of the F. vesca 
ssp. vesca ‘Hawaii’ (FvH4) genome sequence (Shulaev et al. 2011), and its assembly 
archived by the GDR (Jung et al. 2014), both of these objectives became simplified. 
Inspection of the literature (Holton and Cornish 1995; Manning 1998) provided a list of 
potential genes, and the list was delimited to those found on LG1 (Table II-5). After 
excluding F3H in this investigation, a short list of regulatory genes remained: a basic 
helix-loop-helix (bHLH) gene designated as RAN (for regulation of anthocyanin 
biosynthetic pathway) (Deng and Davis 2001a), two UDP-rhamnose: 
rhamnosyltransferase 1(RT1A, RT1B) genes, a Glutathione S-transferase (GST) gene, 
and two Myb-like genes (Myb10A and Myb10B).  
The RAN gene, targeted on the previously sequenced fosmid 76C08 (GenBank 
Accession EU024870) (Davis et al. 2010), is homologous to the Arabidopsis GLABRA3 
(GL3) gene, a bHLH-type transcription factor. It has been reported that GL3 in 
Arabidopsis plays an important role in regulating anthocyanin biosynthesis in response 
to different light qualities (Cominelli et al. 2008). RAN had transcript support (Table II-5) 
and a comparison of FvH4 sequence to FvaP sequence displayed SNP polymorphisms 
(Appendix C, Table C-14). In Deng and Davis ( 2001a; 2001b) the RAN gene was found 
to be tightly linked to another candidate gene, ANS, both of which were eliminated as 
candidates due to recombination between them and the color locus, and because both 
were placed on LG5 (not LG1). These reasons seemed sufficient to exclude RAN from 
the list of candidate genes; however, a re-examination of this exclusion may be in order. 
The Deng and Davis (2001a) mapping population of YW × FRA520 was prepared from 
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a cross similar to that which the FvH4 v 1.0 assembly was anchored (Shulaev et al. 
2011), both being interspecific crosses between F. vesca and F. bucharica, and did not 
include F. vesca ssp. vesca ‘Pawtuckaway’.  
The upstream region of fosmid 76C06, derived from F. vesca ssp. vesca 
‘Pawtuckaway’, displays Blastn homology to FvH4 pseudochromosome 1 (PC1), while 
the downstream region containing the RAN gene Blasts to FvH4 PC5. The gene-pair 
marker used to map 76C08 in the YPF2 mapping population (Appendix C, Table C-3) is 
located in the upstream region attributed to PC1, and this marker is linked without 
recombination to the color locus (Fig. II-4) on LG1. The observed discrepancy could be 
due to a chimeric fosmid clone insert; however this was considered unlikely by 
Epicentre Biotechnologies (Madison, WI), the manufacturer of the fosmid cloning kit, 
due to the mechanism for packaging the insert sequence (Fred Hyde, Frank Daum, 
personal correspondence).  
Alternately, there could be a translocation between LG5 and LG1 in F. vesca ssp. 
americana ‘Pawtuckaway’ with respect to FvH4. If a translocation has indeed occurred, 
then RAN could be linked without recombination to the color locus in the YPF2 mapping 
population. Further experimentation will be required to determine if this is the case, but 
goes beyond the scope of this study.  
Another consideration is that there could be an error in the FvH4 assembly. As 
mentioned in this chapter’s Introduction, Tennessen et al. (2014) generated a linkage 
map, derived from an F. vesca ssp. bracteata progeny population. And this map 
(Tennessen et al. 2014) was used to re-anchor a revised assembly of the FvH4 
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reference genome (Shulaev et al. 2011), during which process they discovered there 
were numerous errors in the FvH4 assembly (Tennessen et al. 2014). The candidate 
gene approach is only as good as the reference sequence on which it relies, and the 
assembly relies on being anchored to a good map. For the issue at hand, this raises 
some questions: 1) are the candidate genes identified by using the FvH4 assembly 
actually in the physical locations specified (Fig. II-4); and 2) are there other candidate 
genes in the region of interest that have not been identified due to the reference 
sequence being misassembled? Additionally, the linkage maps on which the FvH4 
reference sequence is anchored may not be appropriate or sufficiently robust to make 
this assembly reliable. The FvH4 sequence is from F. vesca ssp. vesca ‘Hawaii 4’, a 
yellow-fruited strawberry (Shulaev et al. 2011). The FvH4 reference sequence was 
initially anchored to a Sargent’s linkage map derived from the interspecific cross 
between F. vesca ssp. vesca f. semperflorens (FRA815) and F. bucharica (FRA601) 
(both red-fruited) (Shulaev 2011), and is only a medium density map with one locus per 
1.61 cM (Mahoney et al. in press). More recently, FvH4 has been re-assembled to 
Tennessen’s F. vesca ssp. bracteata linkage map (Tennessen2014), resulting in 
pseudo-chromosome (PC) assembly Fvb. With a marked reduction of discrepancies 
between Fvb and FvH, the Fvb re-assembly (Tennessen et al., 2014) has significantly 
improved the accuracy of the ‘Hawaii 4’ reference genome, but provided only low 
resolution maps (maternal, one locus per 2.43 cM and paternal, 2.73 cM) (Mahoney et 
al., in press).  What is needed is a high density (large population), high resolution map 
(abundant loci) linkage map, that is closely related to the FvH4 reference sequence, and 
for this a high-throughput genotyping platform is needed. The introduction of the Axiom 
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IStraw90 SNP Array, the focus of Chapter III, was a major step in the direction of 
providing a better resource for improved linkage mapping. 
UDP-rhamnose:rhamnosyltransferase belongs to a larger group of enzymes 
called glucosyltransferases (GTs) that are known to transfer residues from UDP-
activated forms to a variety of substrates (Lunkenbein et al. 2006). The sequence 
identified here has the highest similarity to FaRT1, which in turn has similarity to 
glucoside forming GTs (Lunkenbein et al. 2006).  In petunia, the Rt  locus controls the 
rhamnosylation of reddish anthocyanin-3-O-glucosides via anthocyanin rhamnosyl 
transferase (ART) which ultimately yields magenta or blue/purple colored anthocyanin 
pigments in flowers (Kroon et al. 1994; Van Houwelingen et al. 1998).  
No transcript support was found for the RT1A sequence and its physical location, 
with respect to FvH4 sequence (LG1: 8,413,619-8,411,993 bp), is in the region known 
to have recombination with the color locus, close to F3H.  RT1B had transcript support 
(Table II-5) and a comparison of FvH4 sequence to FvaP sequence displayed SNP 
polymorphisms (Appendix C, Table C-15). Mapping of this gene to elucidate its linkage 
relationship to the color locus remains to be done, but is beyond the scope of this 
investigation. 
Plant GSTs use anthocyanins as endogenous substrates (Alfenito et al. 1998) 
and have been implicated as a requirement for efficient anthocyanin export from the site 
of synthesis in the cytosol for anthocyanin sequestration in the vacuoles (Mueller et al. 
2000; Aharoni et al. 2001; Conn et al. 2008). In maize, the Bronze2 (Bz2) gene encodes 
a type III GST and catalyzes the final step of the maize anthocyanin pigment pathway, 
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the conjugation of glutathione to cyanidin 3-glucoside (C3G). A single GST knockout in 
maize resulted in elimination of anthocyanin transport to the vacuoles and a reduction of 
anthocyanins accumulating in the cytosol (Mueller and Walbot 2001).  
This GST gene had transcript support (Table II-5) and comparison of FvH4 
sequence to FvaP sequence displayed SNP polymorphisms (Appendix C, Table C-16) 
which provide territory for exploration for a causal connection to the loss of pigmentation 
in yellow-fruited Fragaria varieties. Linkage mapping of this gene remains to be done 
although its proximal physical position to Alu6 on FvH4 (Fig. II-4) puts its linkage without 
recombination to the color locus in doubt. 
The Myb genes are a family of transcription factors that have been associated 
with coloration of fruit (Chagné et al. 2007; Singh et al. 2014), flower (Hsu et al. 2015), 
and vegetative tissue (Nemie-Feyissa et al. 2014b) in many plants, notably in rosaceous 
plants, such as peach (Zhou et al. 2014), plum (Gu et al. 2015), and apple (Takos et al. 
2006). Structural genes may be activated by one or more of these transcriptional 
regulators, acting alone or in a concerted fashion, and their interactions may determine 
the set of biosynthesis genes to be expressed (Mol et al. 1998; Koes et al. 2005).  
The Myb10 gene has come under particular scrutiny as a determinant of 
anthocyanin pigmentation polymorphisms in rosaceous plants (Lin-Wang et al. 2010). In 
a variety of species, Myb10 expression has been found to correlate with fruit and flower 
pigmentation levels (Lin-Wang et al. 2010; Sooriyapathirana et al. 2010; Pierantoni et al. 
2010). It has been suggested that PavMyb10 may be the chief determinant in fruit skin 
and flesh color in sweet cherry (Prunus avium) (Sooriyapathirana et al. 2010), while in 
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European pear (Pyrus communis) the PcMyb10 gene is likely to regulate anthocyanin 
biosynthesis (Pierantoni et al. 2010). Expression of Myb10 transcripts, in both F. vesca 
and F. ×ananassa, correlate with the color change found in ripened fruits (Lin-Wang et 
al. 2010). Specific to F. vesca, overexpression of FvMyb10 under a constitutive 35S 
promoter has been shown to yield excessive pigmentation in red fruit, while an RNAi 
knock-out yielded a loss of fruit pigmentation (Lin-Wang et al. 2014). 
Although these overexpression and knockout experiments are strong indicators 
that Myb10 is the color locus, no experiment has been performed demonstrating that 
the yellow fruit mutation can be overcome causing a yellow fruit to turn red. Considering 
that any of a number of genes along the anthocyanin pathway could result a loss of 
function of the rest of the pathway, including the loss of color, the specific mutation 
responsible must be identified and surmounted. To this end, molecular 
complementation or mutational reversion via gene editing might be implemented. 
Both Myb-like genes, with markers designated Myb10A and Myb10B, blasted to 
Myb10, however, Myb10B displayed 100% coverage with 99% identity with F. vesca 
R2R3-Myb transcription factor (EU155163), whereas Myb10A only had 21% coverage 
with 86% identity with the homologous F. ×ananassa R2R3-Myb transcription factor 
(EU155162). Additionally, the Myb10A sequences in both FvH4 and F. vesca ssp. 
americana (FvaP) were incomplete (Appendix C, Table C-17). Both Myb10 genes had 
GDR (Jung et al. 2014)transcript support and were also validated on an independent 
mapping population of 84 YPF2A individuals, where both markers mapped without 
recombination to the color locus.  
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Myb10 is a member of the R2R3-type sub-family of Myb factors, having two 
R2R3 Myb repeats (Stracke et al. 2001). It has been demonstrated in Arabidopsis that 
R2R3-type Myb genes regulate phenylpropanoid metabolism (Stracke et al. 2001). The 
Myb DNA-binding domains are comprised of up to three imperfect repeats that form 
helix-turn-helix structures of about 53 amino acid residues (Stracke et al. 2001). A group 
of three evenly spaced tryptophan residues, forming a tryptophan core, is characteristic 
of a Myb repeat (Ogata et al. 1992; Feller et al. 2011) and there is a high level of 
conservation of these tryptophan residues in the R2 and R3 repeats (Stracke et al. 
2001; Lin-Wang et al. 2010; Feller et al. 2011). These conserved tryptophan residues 
have been found to be critical for regulation of DNA binding (Sainz et al. 1997), 
transactivation efficiency (Li et al. 2006), and interactions with bHLH transcription 
factors (Grotewold et al. 2000).  
Inspection of the sequence alignment between FvH4 and FvaP for Myb10B 
(Appendix C, Table C-18) revealed a SNP of particular interest located in the coding 
region of exon 1. There is a G > C missense mutation at nucleotide 35 that results in a 
change at residue 12 from a tryptophan (W) residue in the wild type FvaP (TGG) to 
serine (S) in mutant type FvH4 (TCG) (Fig. II- 6). It is apparent that this particular 
tryptophan residue in the R2 repeat is conserved in all dicots that have been examined 
(Lin-Wang et al. 2010). With the knowledge of the critical role of that tryptophan 
residues can play in DNA binding and transactivation, this suggests a possible 
mechanism for the loss of pigmentation in yellow-fruited Fragaria varieties. 
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With both Myb-like genes, Myb10A and Myb10B, mapping without recombination 
to the color locus, they, along with RAN, RT1 and GST, are potential candidates for the 
molecular identity of the color locus. Further research is required to determine this, but 
of these Myb10B, correlating to the Myb10 gene, with its abundance of support in other 
species and genera, appears the most likely candidate for further investigation. 
 
Conclusions 
This report began by detailing the structure and content of the F3H 
neighborhood. This region proved to be gene-dense, with an average of one protein-
encoding gene or pseudogene per 6.8 kb. This report adds to the high-resolution 
depiction and careful annotation of gene neighborhoods targeted for their content of 
genes likely to be related to economically important traits in Fragaria, as initiated in 
Chapter I (Davis et al.2010). This project component also provided the knowledge 
foundation needed to design markers closely flanking the F3H gene itself. 
This report also presents new Fragaria vesca linkage maps, including an initial 
map of the YPF2 population segregating for fruit color, with 61 PCR-based markers 
representing 53 loci, with an overall length of 403.6 cM. This map served as the 
foundation for the subsequent fine mapping of the color locus region of LG1. 
Recombination found between the F3H gene and the color locus in this population 
definitively eliminatedF3H as a candidate for the molecular identity of the color locus. A 
physical region of greater than 4 Mb in the FvH4 reference genome was defined as 
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lacking recombination with the color locus. Examination of this region provided a 
number of potential candidate genes, among which a Myb10 homolog represented here 
by the Myb10B marker, has the most support and is strongly implicated as the 
molecular identity of the color locus. To confirm this putative identity, further 
investigation is required, including, but not limited to, molecular complementation. The 
significance of this research lies in its advancements in the search for the Fragaria 
vesca fruit color locus by removing the F3H gene from contention as the color locus, by 
delimiting the region on LG1 where the color locus can be located, and by identifying 
the remaining anthocyanin pathway-related genes in this region as candidates for the 
molecular identity of the fruit color locus.
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Table II-1Summary of gene data on f01H23 and 53O01.  
Results of Blastx and Blastn searches, strand assignments, and inferred start and stop codon positions of identified genes. In the gene site 






Putative identity # aa Blastx   At/Virid.
Best             
E value
Locus (At/Fv) 5' end Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit
%ID









160 NP_179378.1| E= 2e-16 AT2G17880












514 NP_195329.2| E= 8e-29  AT4G36050
514 XP_004287813.1| E= 4e-117 101299898 No Peach No
284 NP_188620.1| E=5e-34 AT3G19860




753 NP_173408.2| E=1e-24 AT1G19780
618 XP_004289089.2| E=3e-68 101298656 No No Yes
274 NP_001190050.1 E=2e-82 AT3G51240






EX661811.1| 99% Yes Malus, Prunus Yes
97 NP_001185407.1| E=3e-19 AT1G75750
105 XP_004287815.1| E=7e-52            101300480 No No Yes
329 NP_201424.1 E=2e-35 AT5G66230.1





stop Putative identity # aa Blastx   At/Virid.
Best             
E value
Locus (At/Fv) 5' end Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit
%ID









274 NP_001190050.1 E=2e-82 AT3G51240






EX661811.1| 99% Yes Malus, Prunus Yes
97 NP_001185407.1| E=3e-19 AT1G75750
105 XP_004287815.1| E=7e-52            101300480 No No Yes
329 NP_201424.1 E=2e-35 AT5G66230.1
382 XP_011462315.1| E=4e-86 101300758 No No Yes
287 NP_194974.1 E= 9e-43 AT4G32480
297 XP_004289090.2 E=8.4e-24 101298943 No No Yes
3858 NP_179383.3| E=0.0  AT2G17930
3894 XP_004287817.1| E=0.0 101301041 DY673817.1| 100% Yes Malus, Prunus Yes
186 NP_565428.1| E=2e-12 AT2G17940








Blastn - top-tier Fragaria ESTs
Malus, Apricot YesNo571 NP_179379.1| E=5e-34 AT2G17890 Calcium-dependent protein kinase (CDPK)
5 Plus (26517) 29983 Putative cyclic nucleotide calmodulin-regulated ion channel
Chalcone-flavanone isomerase/troponin I-like
1 Plus 4559 5315 DnaJ-class molecular chaperone, DnaJ11
2 Minus (12351) 8745 DNA-(apurinic or apyrimidinic site) lyase 2 
3 Plus   12712 14285 Basic helix-loop-helix (bHLH121)
uncharacterized protein
Chalcone-flavanone isomerase/troponin I-like
phosphatidylinositol 3- and 4-kinase family protein with FAT 
domain
WEB family protein
10 Minus 67321 46563
11 Plus 69791
8 Plus 38459 40255
9
Snakin family, GA-responsive GAST1 protein-like protein
6* Minus 33067 31495
Flavanone 3-hydroxylase (naringenin,2-oxoglutarate 3-
dioxygenase)
7 Plus 36415 36843
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs
6* Minus 33067 31495
Flavanone 3-hydroxylase (naringenin,2-oxoglutarate 3-
dioxygenase) (F3H)
7 Plus 36415 36843 Snakin family, GA-responsive GAST1 protein-like protein
8 Plus 38459 40255
(Fgenesh Arabidopsis thaliana)
Colinearity with Arabidopsis thaliana
  Complete F-EST Coverage 
Minus 42265 41189
4 Minus 19321 15566
Fosmid 01H23 = EU#    39,982  bp









Table II-2 FGENESH ab initio gene predictions and comparisons to homology-based inferences. 
If no gene was detected at the indicated location via Blast searches, FGENESH predictions were classified as unsupported. The term "gene 
merger" refers to instances in which two or more gene sites were merged into a single FGENESH gene prediction, as identified on the basis 
of Blast homology. The cumulative number of genes involved in such gene mergers indicates "genes merged". Validated start and stop 
codons were those with support for their predicted locations obtained from examination of ORFs in homologous sequences identified by Blast 
homology searches. 
 
Table II-3 Gene Model. 
A gene model is presented for the only gene that had complete, top-tier EST coverage. The numbers in color-coded boxes (see key) denote 
sequence locations within the respective fosmid sequences. The numbers in non-color-coded boxes are cumulative lengths, in base pairs 



















At 18 5 2 4 7 7 4
Mt 16 7 1 2 5 5 3
Mo 14 3 0 0 3 8 3
Nt 19 8 0 0 6 6 4
Sl 15 4 0 0 5 6 4
Vv 14 3 0 0 4 7 3
Fosmid (Figure) Gene Gene Summary
01H23 (Fig. 5) Gene 6: F3H Ex 1 Int 1 Ex 2 Int 2 Ex 3
33067 32662 32504 32075 31563
32663 32505 32076 31564 31495
405 bp 429 bp 69 bp
158 bp 512 bp
Number Exons 3 Color Key: Start codon
Length coding seq (bp) 903 Exon boundary
Number Introns 2 Stop codon







Table II-4Summary of SSR data. 
 
 
Table II-5 Anthocyanin pathway genes located on F. vesca LG1. 
Provides gene descriptions, the designation used in the text, whether the gene is structural or regulatory, its GeneMark identity, if found on 
GDR (Jung et al. 2014), FvH4 pseudochromosome (PC) assignment, location on the PC, and FvH4 scaffold assignment. 
 












Gene description Desig. Blasts to Gene Type Gbrowse GeneMark
FvH4 
PC






Flavanone 3-hydroxylase F3H AY017479.1 Structural mrna14611.1-v1.0-hybrid 1 7,929,548 7,931,288 scf0513192
UDP-rhamnose:rhamnosyltransferase RT1A AY663787 Regulatory (none) 1 8,413,619 8,411,993 scf0513192
Myb transcription factor MybA XM_004304799.1 Regulatory mrna31407.1-v1.0-hybrid 1 14,027,705 14,029,775 scf0513095
Myb transcription factor MybB EU155163 Regulatory mrna31413.1-v1.0-hybrid 1 14,059,840 14,061,556 scf0513095
Glutathione s-transferase GST AY971515 Regulatory mrna31672.1-v1.0-hybrid 1 10,137,536 10,139,509 scf0513096
UDP-rhamnose:rhamnosyltransferase RT1B AY663787 Regulatory mrna20725.1-v1.0-hybrid 1 17,303,938 17,305,752 scf0513039








Figure II-1 Annotation Key. 
The gene space diagram for the F3H neighborhood presented in Fig. II- 2 has a format common to all fosmid  figures presented previously 
(Pontaroli et al. 2009; Davis et al. 2010). Analysis of the F3H neighborhood includes five horizontal panels: A through E (as depicted on the 
left side of this figure). Panel A graphically depicts the ab initio gene location and orientation predictions of the six FGENESH training models. 
Panel B depicts the outputs of Blastx searches of the NCBI non-redundant protein database, delimited to Arabidopsis. Panel C depicts the 
outputs of Blastn comparisons delimited to Rosaceae ESTs. Panel D depicts the inferred locations and orientations of the putative gene sites 
inferred on the basis of Blastx homology-based analysis. Panel E provides a description of SSR content as detected by the SSRIT analysis. 
Descriptive information that is found throughout Panels A-E is provided. On the right side of the figure, the various icons used in the F3H 








Figure II-2 F3H gene neighborhood. 
The targeted F3H gene resides at gene site 6, has complete, top-tier F-EST coverage and is modeled. The putative DNAJ heat shock 
chaperone gene has top-tier F-EST coverage. The Chalcone-flavanone isomerase gene is truncated in f10H23 due to the insert boundary, as 









Figure II-3 Genetic linkage map. 
This Fragaria vesca map represents the data of 71 individuals of the YPF2 population for 59 PCR-based markers and three phenotypic 








Figure II-4Linkage group I (LG1) map. 
Anchoring of the F. vesca ssp. vesca ‘Hawaii’ (FvH4) PC1 to YPF2 LG1. The F3H locus is defined by the 
two markers which flank it, 01H23 and 53O01. On the FvH4 physical map, the green portion denotes the 
region lacking recombination with the color locus.   The 34E24 locus represents a bin of two markers, 
while the Myb10B locus represents a bin of seven markers. Physical positions for other potential color 





Figure II-5 Recombination between Flavanone-3-hydroxylase (F3H) and fruit color locus. 
Recombination between F3H and the color locus was seen in nine YPF2 individuals, with one potential 




Figure II-6 Myb sequence alignment for FvaP and FvH4.  
Alignment depicts resultant amino acid change due to missense mutation.
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CHAPTER I II  CHAPTER III 
A LINKAGE MAP OF FRAGARIA VESCA (L.),  
USING BINNED SNP MARKERS  




Fragaria vesca (L.) is recognized as an ancestor of the cultivated octoploid 
strawberry, F. ×ananassa, as well as its progenitor species, F. chiloensis and F. 
virginiana. We have constructed a genetic linkage map based on the Affymetrix 
IStraw90® Axiom® SNP Array high-throughput genotyping platform. An F2generation 
mapping population was derived from a cross made between the yellow-fruited 
strawberry Fragaria vesca ssp. vesca f. semperflorens ‘Yellow Wonder’ and red-fruited 
Fragaria vesca ssp. americana ‘Pawtuckaway’. The map, designated F. vesca YPF2, 
has 167 loci representing 987 SNP Array markers across seven linkage groups and has 
an overall length of 623.2 cM. Comparison with the F. vesca ssp. vesca ‘Hawaii’ 
assembly indicated that a high degree of synteny (87.2%) exists between the F. vesca 
YPF2 linkage groups and the F. vesca ssp. vesca ‘Hawaii’ v.1.1 pseudochromosomes. 
Locus-specific segregation patterns deviated significantly from the expected 1:2:1 ratio 
for 77% of the loci, and encompassed two entire linkage groups on the map, 
demonstrating a systematic bias toward the maternal (F. vesca ssp. semperflorens 
‘Yellow Wonder’) alleles. 
The Affymetrix IStraw90 Axiom array provided a sufficient number of genotyped 
SNP markers to enable construction of a reasonably high-density (3.77 cM/locus) 
linkage map. Although the array was purposefully designed for use as a high-throughput 
genotyping platform for the cultivated strawberry, these results indicate that the array
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Cultivated strawberries (Fragaria xananassa) are popular and nutritious fruits, as 
well as a valuable food crop in the United States. Strawberries are our third most 
valuable non-citrus fruit crop, behind grapes, and apples (USDA-NASS, 2015). The 
United States has maintained a greater than 25% share of the world market for more 
than two decades (USDA-ERS 2013), producing 2.87 billion pounds (Perez and Plattner 
2015c) with a value greater than $2.8 billion in 2014 (USDA-NASS, 2015).  
The genus Fragaria (L.), a member of the Rosaceae family, contains at least 20 
wild species (Hummer et al. 2011) representing ploidy levels from diploid to decaploid, 
where the basic chromosome set is x = 7 (Ichijima 1926; Longley 1926). The cultivated 
strawberry, with an octoploid (2n = 8x = 56) genome comprised of subgenomes from as 
many as four different ancestors, places this hybrid species among the most genetically 
complex of crop plants (Davis et al. 2010; Shulaev et al. 2011). Although a definitive 
model of subgenome composition for the cultivated strawberry and its progenitor 
species has not yet been established, Sargent et al. (2015) recently proposed the model  
AA,bb,X–X,X–X, where the letters A, b and X represent subgenomes, each of which is 
present in two copies in the octoploid genome. 
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Fragaria vesca, a diploid (2n = 2x = 14) species, has been implicated as the 
ancestral ‘A’ subgenome donor to the octoploid strawberries F. ×ananassa and its  
immediate progenitors F. chiloensis and F. virginiana (Senanayake and Bringhurst 
1967; Bringhurst 1990; Folta and Davis 2006). Sargent et al. (2015) reported evidence 
strongly supporting the A-subgenome’s allelic affinity to F. vesca, as well as evidence 
for the b-subgenome’s allelic affinity to F. iinumae.  The X–X constituents depict the 
bivalent pairing of homologues, without indicating association with a discretely or 
ancestrally defined subgenome.  
F. vesca, with its small genome size of 240 Mb (Shulaev et al., 2011), short 
generation time (Folta and Davis 2006), self-compatibility (Staudt 1999), abundant seed 
production, transformation efficiency (Shulaev et al. 2008; Lopez-Serrano and Barcelo 
2001; Folta and Davis 2006; Debnath and Teixeira 2007; Qin et al. 2008), and plentiful 
genomic resources (Hummer et al. 2011), is a worthy perennial model species. 
Considering all its attributes, along with the F. vesca genome being comparatively 
simple when compared to F. ×ananassa, F. vesca provides an attractive system for 
addressing genetic and genomic questions relevant to the octoploid strawberries (Davis 
et al. 2010; Shulaev et al. 2008).  
F. vesca ssp. vesca f. semperflorens ‘Hawaii 4’ (PI551572, National Clonal 
Germplasm Repository, Corvallis, OR) was used to produce the strawberry reference 
genome sequence (FvH4) (Shulaev et al. 2011). The pseudochromosomes (PCs) of the 
FvH4 sequence were initially constructed by anchoring its scaffolds to a linkage map 
based on an F2 mapping population derived from an interspecific cross of F. vesca ‘815’ 
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× F. bucharica ‘601’ (FV×FB) (Sargent et al. 2011), yielding the FvH4 pseudo-
chromosome assembly v1.0 reference assembly. Since its initial publication, the FvH4 
assembly has been revised twice: first by Sargent et al. (2011) utilizing the addition of 
newly developed and mapped SSR markers, resulting in PC FvH4 v1.1; and again, by 
Tennessen et al. (2014) by means of re-anchoring to a linkage map derived solely from 
F. vesca ssp. bracteata populations (Tennessen et al. 2014), resulting in PC Fvb 
(v2.0.a1).  
The development and mapping of molecular markers for Fragaria has followed 
the technical trends as they developed. The trend for markers and mapping has been to 
become more informative, cost-effective, and easier to use. The applications of 
molecular markers in Fragaria have been reviewed elsewhere (Njuguna and Bassil 
2010; Hokanson and Maas 2001; Davis et al. 2006). 
The first reports of genetic linkage in Fragaria (F. vesca) were for two pairs of 
linked genes using isozyme markers: the phosphoglucoisomerase-2 (PGI-2) isozyme 
locus to the runnerless locus (Yu and Davis 1995); and the shikimate dehydrogenase 
(SKDH) isozyme locus to the yellow fruit color locus (Williamson et al. 1995). The first 
Fragaria linkage map, for the diploid F. vesca, was constructed primarily using randomly 
amplified polymorphic DNA (RAPD) markers (Davis and Yu 1997).This map used the F2 
generation of a cross between ssp. vesca 'Baron Solemacher' (a runnerless, 'Alpine' 
cultivar) and ssp. americana wild accession WC6 (both red-fruited), and included 64 
dominant and 11 codominant RAPD markers across the expected seven linkage 
groups, with 445 cM of map distance. Subsequently, the linkage group assignments, 
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with respect to this map, of six anthocyanin pathway genes were determined (Deng and 
Davis 2001a; Deng and Davis 2001b). 
 Other Fragaria maps since then have been constructed using AFLP (Lerceteau-
Kohler et al. 2003; Weebadde et al. 2008), SCAR markers (Albani et al. 2004), SSRs 
(Sargent et al. 2012; Sargent et al. 2004), or some combination of these and other 
markers (Sargent et al. 2009b).    
An interspecific cross F. vesca ssp. vesca x F. bucharica (where the F. bucharica 
parent, accession FRA521 had formerly been misidentified as F. nubicola) (Sargent et 
al. 2004) provided the foundation for a second generation diploid map. This map was 
comprised of 78 markers (primarily SSR markers) across seven linkage groups 
numbered to correspond (based on marker commonality) to those defined initially by 
Davis and Yu (1997), with 448 cM length. Interestingly, a subsequent expansion of this 
FV×FB map to a 182 marker version (Sargent et al. 2006) reduced its length to 424 cM 
(primarily due to removal of scoring errors in the original data set). Sargent et al. (2008) 
also demonstrated that a selective bin mapping strategy, using a 6-bin set of seedlings 
from the FV×FB population, could be used to successfully locate 103 SSR markers into 
bins on the FV×FB  map covering all seven linkage groups. 
Tennessen et al. (2013) performed a cross between two individuals from a single 
diploid F. vesca ssp. bracteata, Fvb MRD30 x Fvb MRD60, to construct a pair of linkage 
maps. A mapping population of 48 F1 offspring was used to place 7,802 stringently 
filtered SNP markers, based on targeted polymorphisms, across the seven linkage 
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groups on maternal (Fvb-m) and paternal (Fvb-p) maps, with lengths totaling 410.4 cM 
and 406.3 cM, respectively. In this study, marker loci were identified and genotyped on 
the basis of a targeted capture and re-sequencing approach (Tennessen et al. 2013). 
Thus, although the mapped markers were SNPs, this was not an array-based approach. 
Tennessen et al. (2014) additionally generated a linkage map, Fvb-s, from 41 F1 
offspring derived from selfing a hermaphroditic F. vesca ssp. bracteata plant. The Fvb-s 
linkage map consists of 1,825 markers, across seven linkage groups corresponding to 
the seven Fragaria pseudochromosomes of FvH4, spanning 326 cM. As mentioned 
above, the Tennessen Fvb-s map (Tennessen et al. 2014) was used to re-anchor the 
FvH4 reference genome (Shulaev et al. 2011).  
SNPS are the most common type of allelic variation (Rafalski 2002) and recently, 
single nucleotide polymorphism (SNP) markers have become the chief focus in the 
genetic analysis of Fragaria and other Rosaceae (Chagné et al. 2012; Bassil et al. 
2012; Bassil and Davis et al. 2015; Mahoney et al., in press.). SNP genotyping arrays 
are quickly becoming the most widely used source for molecular markers for 
construction of high-density genetic maps. SNP arrays have already been developed 
and utilized for genomic studies in many crop species, including peanut (Bertioli et al. 
2014), broccoli (Brown et al. 2014), cucumber (Rubinstein et al. 2015), grape (Myles et 
al. 2015), cotton (Hulse-Kemp et al. 2015), and wheat (Colasuonno et al. 2014). Array-
based SNP genotyping platforms, such as the Affymetrix Axiom SNP Array, have 
allowed the assaying of hundreds to thousands of SNPs in an affordable way. It has 
been reported that F. iinumae plays a key role in the evolution of the octoploid Fragaria, 
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as highlighted in recent pan-genomic studies of the genomes of the octoploid Fragaria 
(Njuguna et al. 2013; Tennessen et al. 2014b; Sargent et al. 2015)and a number of 
phylogenetic assessments of the genus Fragaria (Rousseau-Gueutin et al. 2009; 
DiMeglio et al. 2014). Recently, a diploid F. iinumae high-density linkage map (Mahoney 
et al., in press) has been constructed using the Affymetrix IStraw90® Axiom® SNP Array. 
The map consists of seven linkage groups, with 4,173 markers (3,280 from the 
IStraw90® Array and 893 from GBS) and has a total length of 451.7 cM. A robust, 
saturated linkage was constructed aimed at facilitating efforts to assemble a reference 
genome sequence for this species. 
In addition to the diploid maps described here, numerous octoploid linkage maps 
have been constructed (Viruel et al. 2002; Lerceteau-Kohler et al. 2003; Rousseau-
Gueutin et al. 2008; Weebadde et al. 2008; Sargent et al. 2009b; Tennessen et al. 
2014; Bassil et al. 2015; Sargent et al. 2015).  Sargent et al. (2015) utilized a novel 
marker class found on the Array, known as ‘haploSNPs’, to construct another cultivated 
strawberry octoploid genetic linkage map, ‘Darselect × Monterey’(Da × Mo), placing 
8,407 haploSNP markers across 32 linkage group fragments. The Da × Mo map 
demonstrated the applicability of the Array for use with divergent Fragaria ×ananassa 
genotypes, and has been used to suggest a novel model for the evolution of the 
octoploid Fragaria (AA,bb,X-X,X-X), in which they propose a recent hybridization event 
between an F. vesca-like ancestor and an F. iinumae-derived hexaploid with one or 
more other ancestral diploids. Notably, prior to the advent of the SNP array, SSRs had 
been the most effective markers for mapping the octoploid genomes. 
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The SNP array detection process begins with oligonucleotide probes that are 
anchored within a small chamber (about 5 mm) on a 96 or 384 well format array plate 
(Fig. III-1A). The input genomic DNA for each sample is amplified, fragmented, and 
hybridized to a specific chamber on the array (Fig. III-1B). This is followed by a ligation 
process that attaches nucleotide-specific hapten-labeled reporter probes to the sites 
where the genomic DNA fragments have hybridized to the complementary anchored 
probes, which will fluoresce when enabled by a signal amplification complex, allowing 
detection of polymorphisms (Fig. III-1C). The Axiom platform uses a two-color 
enzymatic assay with probes that are base-specific, such that one color is for A or T, the 
other color for G or C. Since the detection process cannot differentiate A from T nor G 
from C, A/T and G/C SNPs tend to be excluded from the array design.  
In diploid species there are no more than two alleles in an individual, and SNPs 
are therefore di-allelic. Their detection on an array is expected to yield unambiguous 
genotyping clusters plots clearly differentiating the genotypic quality classes as depicted 
in Figure III-2. Polyploid species may have tri- and tetra-allelic polymorphisms, which 
adds to the complexity of genotype calling (Bassil and Davis 2015). The appearance of 
polyploid-like clusters patterns in a diploid species may indicate something unusual, 
such as the duplication of a marker locus, or a problem with the reference sequence 
assembly.  
Array linkage mapping of an F2 population requires suitable markers that will 
display three clusters in a cluster diagram. The clusters represent the three expected 
genotype classes: homozygous (AA); heterozygous (AB); and homozygous (BB), where 
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A and B represent alternate alleles of the marker locus. These three genotype classes 
are initially designated in the Array output as 0, 1, and 2, respectively, (with-1 
representing missing genotype data). Thus, 0 and 2 genotype calls represent the 
homozygous classes, and 1 represents the heterozygous genotype. 
Genotyping of SNPs on the Array was performed by Affymetrix using the 
Affymetrix Genotyping Console and SNPolisher software, with settings appropriate for 
diploids. SNPs were classified into six cluster classes (Fig. III-2) (Bassil and Daviset al. 
2015). The markers which meet the strictest criteria are classified as Poly High 
Resolution (PHR), which must be comprised of three highly distinct clusters, the 
heterozygous and both homozygous genotypes. The Mono High Resolution (MHR) 
class has one distinct cluster where less than two instances of the minor homozygous 
allele may be present. The No Minor Homozygote (NMH) class displays two clusters, 
lacking one of the homozygous clusters. The Call Rate Below Threshold (CRBT) class 
falls below the acceptable 97% call rate and displays three dispersed clusters. The Off 
Target Variant class results from slight mismatches between the probe and target 
sequence. The Other class has SNP cluster patterns that do not fall into the previous 
classes and appear dispersed and/or off-center. 
Here we focus on the Affymetrix IStraw90 Axiom SNP Array for strawberry, with 
over 90K SNPs, which was recently developed and validated (Bassil and Davis et al., 
2015). A panel of 19 octoploid were sequenced, providing the bulk (85,663) of the 
discovery-based SNPs. Additionally, six diploid accessions were sequenced, some of 
which served as a source for SNP discovery by Bassil and Davis et al. (2015). Two F. 
 131 
 
iinumae accessions were sequenced, of which the hybrid F1D accession was used for 
SNP discovery providing 3,751 more SNPs. Three F. vesca representatives, including 
the parents used in the mapping population of the current study, and one F. 
mandschurica  accession were not used for SNP discovery.  
The suitability of this array for genetic studies at the octoploid and diploid levels 
was demonstrated by developing  a high-density linkage map with the octoploid, full-sib 
population of the ‘Holiday’ × ‘Korona’ population, as well as enabling construction of 
linkage maps for an octoploid ‘Darselect’ x ‘Monterey’ population (Sargent et al. 2015), 
and for the diploid F. iinumae F2D population (Mahoney et al., in press ) mentioned 
above. This array was primarily intended to detect SNP markers discovered in F. 
xananassa, and the efficacy of the array for marker genotyping in diploids other than F. 
iinumae has remained to be determined. The current study continues to demonstrate 
the relevance and versatility of this SNP array as a valuable genomic resource, but also 
points to its limitations in relation to its use for mapping studies of diploid F. vesca. 
The question may then be asked: Is the IStraw90 SNP array an adequate 
resource for constructing a high-density linkage map in a Fragaria species other than 
that for which it was designed? The objectives of this study then become 1) assess the 
utility of the IStraw90 array for marker genotyping in the strawberry species, Fragaria 
vesca; and 2) construct a SNP array-based linkage map of Fragaria vesca as a multi-
purpose genomics resource with particular utility for trans-specific comparisons of array-
based maps.  The resulting map, designated F. vesca YPF2, of a segregating 
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F2population from the cross between F. vesca ssp. vesca f. semperflorens cv. ‘Yellow 




A cross was made between the yellow-fruited strawberry Fragaria vesca ssp. 
vesca f. semperflorens cv. ‘Yellow Wonder’ (Y) PI 641093 (commercially available from 
W. Atlee Burpee and Co., Warminster, Pa.) as the maternal parent, and red-fruited 
Fragaria vesca ssp. americana cv. ‘Pawtuckaway’ (P) PI 657856 (collected from the 
wild in Deerfield, NH) as the paternal parent. A seedling (F1X) from the resulting F1 
progeny was subsequently self-crossed, providing the initial Y × P F2 (YPF2) mapping 
population, consisting of 96 individuals segregating for red vs. yellow fruit color. All 
individuals were maintained in 8” pots in the greenhouses of the MacFarlane Research 
facility at the University of New Hampshire, Durham, NH, USA. A set of 80 plants was 
chosen for DNA isolation and submission for Axiom Array genotyping.  This set was 
limited to 80 YPF2 individuals plus the parental trio due to restricted space allowed on 
the Axiom IStraw90 SNP array. 
DNA Isolation. 
DNA samples from the parental trio and YPF2 mapping population were isolated 
and used to generate segregation data for linkage map construction (Davis and Yu 
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1997; Sargent et al. 2012; Shulaev et al. 2011). DNA for genotyping on the Affymetrix 
IStraw90® Axiom® SNP Array (Santa Barbara, CA) was isolated from 80 selected YPF2 
individuals and the parental trio, as previously described in Mahoney at al. (in press). 
Briefly, young leaves were lyophilized and sent to Nahla Bassil (USDA-ARS, NCGR, 
Corvallis, OR) for DNA extraction using an E-Z®  96  Plant  DNA  kit  (Omega  Bio-Tek,  
Inc.) following  the  procedure described (Gilmore et al., 2011) using Proteinase K, as 
required by Affymetrix. 
The DNA for genotyping PCR-based markers was extracted from one or two 
young, furled leaves from the parental trio (Y, P, F1X) and theYPF2 individuals using a 
modified CTAB miniprep protocol as described previously (Davis et al. 1995). DNA was 
prepared to a working concentration of approximately 10 ng/μl, for use in PCR analyses. 
Marker Analysis. 
Two broad categories of molecular markers were used in this study: SNP Array 
markers from the recently published Affymetrix IStraw90 Axiom SNP Array (Bassil and 
Davis et al. 2015), and a set of seven PCR-based, chromosome-specific markers used 
to confirm correspondences between linkage groups (LGs) identified in the present 
versus prior mapping studies in F. vesca.  
As mentioned in the Introduction, the array included 85,663 SNP markers derived 
from an octoploid discovery panel, 3,751 markers derived from a F. iinumae F1D 
genomic sequence, as well as 5,648 non-discovery codon-based SNP markers. The 
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octoploid markers could be further subdivided by their discovery categories (Bassil & 
Davis et al. 2015) as described in Table III-I. 
Types and sources of the PCR-based markers, along with their primer pairs, 
used in this study are described in Chapter II, in Table II-1. All PCR-based marker 
primer pairs were designed using DNAStar PrimerSelect software (LaserGene Suite, 
Madison, WI). Genotyping of PCR-based markers relied on PCR amplification, which 
was accompanied by restriction digest analysis of the resulting amplicons, except as 
noted. All PCRs in the current study were prepared using LongAmp® Taq or Crimson 
LongAmp® Taq DNA polymerase (NEB, Ipswich, MA) per the manufacturer’s protocols, 
with PCR amplification performed and visualized using the conditions listed in Chapter 
II, Table II-1. 
DNA samples from the parental germplasm set (including replicate DNA samples 
of the P parent) and 80 YP F2 individuals were genotyped (Appendix D, Table D-1) 
using the Affymetrix IStraw90 Axiom SNP Array, as described in Bassil and Davis et al. 
(2015). Pre-processing and genotype calling were performed on the Array with the 
Affymetrix® Genotyping ConsoleTM software using the Axiom GT1 algorithm. Post-
processing, to sort the markers into six cluster classes, was performed using 
SNPolisher v1.5.2. 
The array includes 138,099 probe-sets used to interrogate a total of 95,062 
genomic target sites (Bassil and Davis et al. 2015). The six cluster classes of markers 
(Fig. III-2) were broken down into two basic groups, those that were “Poly High 
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Resolution” (PHR) and the remaining non –PHR classes: “No Minor Homozygote” 
(NMH); “Off-Target Variant” (OTV); “Mono High Resolution” (MHR); “Call Rate Below 
Threshold”; and “Other”. The classes will be simply referred to as PHR and non-PHR in 
the context of the results. 
Markers to be considered for linkage analysis were processed through a series of 
filters (Fig. III-3) to optimize the data set. The nominal requirements for preliminary 
mapping were that the F1X markers were classified as heterozygous (F1X = 1), that 
parental replicate genotypes (P) were consistent, and that for the remaining set of 
markers genotypes were concordant with those of the parental trio. To minimize the 
impact of missing data in JoinMap, YPF2 individuals with >1% missing genotypes and 
markers with any missing genotypes, were excluded from the mapping. After an initial 
round of mapping the single markers, a list of markers with identical genotypes was 
produced within JoinMap. Each set of identical markers was assigned a coded ‘bin’ 
name with a ‘B’ prefix (for ‘bin’), a unique sequential number (starting with 001), and a 
suffix indicating how many markers are in the bin. The final map was assembled using 
only binned markers to construct a robust linkage map. 
Coding. 
The genotypes of F2 population individuals were coded in relation to parental 
allele constitutions using standard JoinMap (van Ooijen 2006)conventions. Where the 
genotypes for both founding parents were heterozygous, the marker was excluded from 
the initial linkage grouping. Identical parental trio genotypes were sorted, and then 
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coded according to the parental alleles (e.g., If Y=0, P=2, and F1X=1, then 0=A, 2=B, 
and 1=H). 
Data Analysis and Map Construction. 
Linkage maps were produced using JoinMap 4.1(van Ooijen 2006) with the 
Maximum Likelihood mapping algorithm, and default settings were used for all 
parameters, except for specifying the independence test logarithm of odds (LOD) 
threshold range from 4 to 12.  
Synteny comparison between F. vesca (YPF2) and FvH4. 
Subsequent to constructing the F. vesca linkage bin map for the YPF2 
population, a comparison was made between the markers of the linkage groups on the 
new map to the FvH4 pseudochromosomes from which the marker sequence tags were 




Of the original set of 80 YPF2 individuals genotyped on the Array, a subset of 50 
were used in the linkage analysis. Using a conservative limit of > 1% missing data, 13 
individuals were removed from the set, and the remaining 7 of those excluded were due 
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to genotypic ambiguities that suggested uncertain plant identities or sample cross-
contamination.  
Candidate Markers. A filter pipeline was used to optimize the data set, as 
depicted in Fig.III-3 and summarized in Table III-2. From the first filter for each of the 
95,062 interrogated sites, the utilized genotyping call was that from the best-performing 
probe-set. Selection for markers heterozygous in F1X (F1X = 1) excluded all but 2,193 
markers from further processing. Selection against missing data in the Y parent 
narrowed these results further to 2,143 markers. For the P parent, a best consensus of 
the replicates was discerned, then markers with missing data were excluded, leaving 
2,129 candidates. From the remaining set of markers, concordant genotypes of the 
parental trio were determined, while non-concordant and ambiguous genotypes were 
excluded, further narrowing the set to 1,531 markers. Subsequently, to minimize the 
impact of missing data (van Ooijen 2006), YPF2 individuals missing > 1% data and any 
markers still missing any data were excluded, leaving a final set of 1,188 filtered 
candidate SNP Array markers plus the seven PCR-based markers for the initial linkage 
mapping.  
Marker performance in mapping. 
Greater than 85% of the filtered candidate SNP Array markers were initially 
assigned to the map. Subsequent to the first round of mapping with all filtered markers, 
identically segregating markers were binned (Appendix D, Table D-2, Bin ID, Marker 
ID), thereby assigning 1021 markers to 174 bins, while the 167 markers remaining 
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unbinned (Appendix D, Table D-2, green-highlighted) were referred to as singles and 
were set aside for use in a future analyses. The binned markers were used to make the 
final map; however, seven bins comprising a total of 34 markers were not assigned to 
linkage groups (Appendix D, Table D-2, yellow-highlighted), resulting in 83.1% of the 
filtered candidate markers ultimately being mapped (Table III-2).  
The filtering process itself excluded the vast majority of the 95,062 array marker 
loci in all three major categories, with the octoploid–based markers only marginally out-
performing the F1D- and codon-based markers, with conversion rates of 1.7%, 1.4% 
and 0.8%, respectively. The percentages of the filtered candidates mapped from these 
categories were 27.3% (12 of 44) for codon-based, 65.5% (940 of 1,436) for octoploid-
based, and 68.6% (35 of 51) for F1D-based markers.  As addressed by cluster class, 
26.9% (895 of 3,322) of the PHR class of filtered markers mapped, while only 0.1% (92 
of 91,740) of the non-PHR class mapped (Table III-2). Greater than 90% of the filtered 
candidate markers that mapped were PHR class (Table III-2).  
The seven PCR-based markers used for the mapping of the YPF2 population, 
noted in Appendix D, Table D-2 (blue-highlighted), distributed as intended, one per 
linkage group, allowing accurate identification of the linkage groups for the SNP Array 
markers.  
A small sampling of the raw genotyping data for the FvH4 pseudochromosomes 
(Table III-3), specific to the physical map region on LG1 that lacks recombination with 
the color locus as designated in Chapter II (Fig.II-4), displays the SNP Array markers 
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that are assigned to that region. In this raw data, recombination is evident among 
some of the markers found in this region as assigned by pseudochromosome 
position in the FvH4 v 1.1 assembly. 
A comparison of the genotypes for the fruit color locus and the Myb10B 
marker bin from Chapter I (Appendix C, Table C-1) to those in the Array show 
that the fruit color locus and Mby10B bin co-locate with B020-13 (Table III-4), 
placing the color locus on the SNP Array linkage map (Figure III-4). 
Fragaria vesca binned SNP marker linkage map. 
As seen in Fig. III-4, the constructed genetic linkage map for Fragaria vesca 
contained the expected seven linkage groups for the genus Fragaria, ranging in length 
from 51.9 cM to 110.0 cM, with a total map length of 623.2 cM. This map is defined by 
the 167 bins, where each bin represents a single locus. The number of loci per linkage 
group ranged from 15 on both LG4 and LG5, to 34 on LG7, with an average of 24 loci 
per linkage group, and six markers per locus. The 987 SNP markers on the linkage 
groups ranged from 42 on LG5 to 212 on LG7 with an average of 141 markers per 
linkage group. The map density of 3.8 cM/locus was greater than the calculated 
saturated map density of 1 cM/locus: 
[=100 × 1/(50 individuals × 2 gametes/individual]. 
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Marker distributions within the Fragaria vesca linkage groups. 
In all but LG5, marker density distributions within each linkage group displayed a 
discernable peak or region of highest density (Fig. III-5). In addition, each linkage group 
has at least one region of greater than 10cM displaying no markers. 
Segregation distortion. 
On a single-locus basis, 77% (129 of 167) of the loci displayed significant 
segregation distortion (Table III-5 and Appendix D-3). On two linkages groups, (LG5, 
LG6), all loci show patterns of significant distortion. On LG6, the distortion at all loci 
favors the allele derived from the maternal parent. All but one of the loci on LG3 are 
similarly favoring the allele derived from the maternal parent. On LG 5, three of the 
fifteen loci are favoring the paternally-derived allele, but it should be noted that all three 
of these loci are on a distal portion of the linkage group (Fig. III-4) with the nearest 
neighboring locus more than 25 cM away. In Goodness-of-Fit testing of LG totals to a 
1:2:1 expected genotypic ratio (Table III-6), all but LG4 showed that transmission of 
maternally-derived alleles was favored strongly. A systematic bias toward the maternal 
alleles was demonstrated in the genotypic proportions of aa:ab:bb, which averaged 
0.38:0.50:0.11 across the 167 loci defining the map (Table III-6), and the allelic 
proportion of a:b alleles, which similarly averaged 0.64:0.36 (Table III-7). 
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Synteny comparison between F. vesca (YPF2) and FvH4. 
Linkage group specific syntenic relationships (Table III-8), as well as 
pseudochromosome (PC) non-syntenic relationships (Table III-9) are reported. Syntenic 
conservation had a narrow range, from a low of 83.2% in LG4 to 90.5% in LG5 (Table 
III-8). With respect to the F. vesca YPF2 map, chromosomal assignment was conserved 




A total of 80 YPF2 individuals were selected for genotyping on the Array, but only 
50 were used in preparing the Array linkage map. As stated in the Methods, a stringent 
limit on missing genotype data was used to due to unknown issues JoinMap 4.1 has 
with missing genotypes, accounting for 13 of the excluded individuals. Missing values in 
the data have been reported to reduce the proportion of correctly ordered maps, and the 
problem compounds as the distances between loci decreases (Hackett and Broadfoot 
2003). In a simulation study, Buetow (1991)similarly found that a profound consequence 
of error introduction is that incorrect map orders will be selected at a ‘nontrivial’ rate, so 




Other individuals displayed unusually inconsistent genotypes, resulting in 
excessive recombination, indicating potential cross-contamination. One possible 
explanation for this apparent cross-contamination is due to the method of DNA isolation 
and storage. The Array DNA was isolated with an Omega E-Z® 96 Plant DNA kit,  using 
a protocol (Gilmore et al. 2011) which uses Co-Star 96-well polypropylene cluster tubes, 
8-tube strip format (Corning P/N 4413) (Fig III-6). The issue with these tubes arises at 
two different times during the DNA isolation. First, the protocol requires that the leaf 
tissue be placed in the tubes with a ball bearing, and capped with mating concave, 
press-fit 8-strip caps. The tissue in the tubes is then frozen in liquid nitrogen and ground 
to a powder in a shaker. After this pulverization, when the tight-fitting caps are removed 
to add reagents for the DNA extraction, the powdered tissue tends to stick to the caps 
as the strip is pulled, and the powder has the opportunity to fall into the other tubes in 
that strip. Second, during and after the extraction, each time the strip caps are removed, 
there is a similar potential for cross-contamination with droplets on the inside of the 
caps. The opportunity for cross-contamination could be reduced by having an 
appropriate centrifuge for this tube format to bring the powder or liquids down from the 
caps, or find an alternate tube format, or method of preparation. 
Array performance. 
With the recent publication of the Affymetrix IStraw90 Axiom SNP array (Bassil 
and Davis et al. 2015), a new high-throughput genotyping tool became available to 
assist in the generation of high density genetic linkage maps in strawberry (Mahoney et 
al. in press.; Sargent et al. 2015; Bassil and Davis et al. 2015). Bassil and Davis et al. 
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(2015) demonstrated the suitability of the IStraw90 array for its primary intended 
purpose – genotyping and linkage mapping in the octoploid, cultivated strawberry - via 
construction of a Fragaria ×ananassa ‘Holiday × Korona’ octoploid genetic linkage map, 
on which they placed 6,594 SNP markers across 28 chromosomes. Mahoney et al. (in 
press) subsequently demonstrated the array’s effectiveness in relation to a secondary 
purpose – genotyping and linkage map construction in the ancestral diploid species F. 
iinumae - by constructing the first F. iinumae linkage map, where 3,280 SNP markers 
were placed across seven linkage groups. The present study is the first to evaluate the 
performance of the IStraw90 array as a tool for genotyping and linkage mapping in a 
strawberry species other than those for which it was explicitly designed. 
In the current study, construction of an F. vesca linkage map utilized an existing 
population, the F2 progeny from the parental cross F. vesca ssp. semperflorens ‘Yellow 
Wonder” and F. vesca ssp. americana. As a cross between two subspecies, they were 
considered to be sufficiently diverse to provide an informative F2 population. As reported 
here, 987 segregating SNP markers were genotyped and mapped in this population, 
thus confirming the expectation of abundant polymorphism between the parents. 
 Importantly, with respect to an assessment of array performance, it must be 
emphasized that none of the 95,062 loci interrogated by the array were defined on the 
basis of polymorphism discovery within F. vesca. Yet the array yielded a sufficient 
number of genotyped SNP markers to enable construction of a reasonably high density 
linkage map. Thus, it can be anticipated that the array will also be an effective tool for 
marker genotyping in other Fragaria species outside of its intended target range. 
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The F. vesca YPF2 map contains the expected seven linkage groups, 
corresponding to the base chromosome number (x=7) of all diploids in the genus 
Fragaria. The seven PCR-based markers used in the preliminary map performed as 
intended, enabling definition of the seven linkage groups. The results with these 
markers was concordant with the SNP results, wherein the vast majority of SNPs 
mapped to a given LG were also located on the corresponding pseudochromosome in 
the FvH4 v1.1 assembly.  
The total map length of 623.2 cM is notably greater than the 442.8 cM length of 
the FV×FB linkage map (Table III-9) used to revise the FvH4 v1.1 pseudo-chromosome 
assembly (Sargent et al., 2011). Linkage group lengths ranged from 51.9 (LG2) to 110 
cM (LG4) on the Fv YPF2 map, whereas they ranged from 48 (LG3) to 98 cM (LG6) on 
FV×FB. The mean map resolution for Fv YPF2 is one locus per 3.77 cM whereas, with 
275 loci (Dan Sargent, personal communication), the FV×FB map resolution is one 
locus per 1.61 cM. It has been reported that the first Fragaria iinumae map has a mean 
resolution of 0.91 cM, the highest resolution diploid linkage map available for Fragaria 
(Mahoney et al. in press). Marker counts (Table III-9) are also quite variable between Fv 
YPF2 and FV×FB, with a low of 42 and high of 212 in Fv YPF2, but a narrower range of 
39 to 75, respectively, in FV×FB. Looking at LG1, LG3 and LG4, although the absolute 
values are different for the number of markers versus the linkage group length, with 
FV×FB being more reduced on both characters, the ratios are similar, suggesting that, 




The most unusual of the linkage groups in Fv YPF2 is LG5, which has the 
fewest markers with the second greatest length- no locus has more than five 
markers (Fig. III-5 and Appendix D, Table D-1), and there are two recombination 
‘hot spots’ each creating a gap of greater than 18 cM. It may be that these 
marker bins have genotype errors, and could be removed, but identical markers 
provide mutual support for the validity of genotyping calls that might otherwise 
seem questionable. They could actually reflect the state of the linkage group, and 
if removed would artifactually shorten the linkage group. Buetow (1991)found in 
simulation studies that undetected genotyping errors at a rate of 1% can lead to 
inflation of map lengths and incorrect map orders, particularly as marker density 
increases. Hackett and Broadfoot ( 2003)similarly found that even a low 
frequency of genotyping errors can have a substantial impact on map order and 
length. Another reason that the linkage group and overall map size might not be 
similar is that environmental conditions during the "meiotic window" could 
influence rates of crossing over. Another reason could be, that the previous F. 
vesca maps were artifactually shortened due to the various mapping practices 
and parameters applied by those investigators: for example by imputing all 
missing data points and "correcting" double crossover singletons wherever 
justifiable, the result could be a very tidy map. Further, a technical possibility is 




Also of note was that several bins were not assigned to linkage groups (Appendix 
D, Table D-2, yellow –highlighted), even with reducing the LOD to the minimum value 
(0). The smaller bins may have genotyping errors, but bin B011 has 15 markers, so is 
evidently well supported. Previous attempts at mapping have found that LG4 has two 
distinct regions that often lack cohesiveness. A deficiency in the assembly of the F. 
vesca FvH4 reference genome (Shulaev et al., 2011) in the LG4 region resulted in a 
reduction of Array-based markers in that area. When constructing the F. vesca ssp. 
bracteata linkage map, Tennessen et al. (2013; 2014) encountered difficulties with LG4, 
as their map also relied on the FvH4 assembly. Mahoney et al. (in press) found that the 
continuity of LG4 relied strongly upon five non-discovery-based GBS-marker bins 
containing only 12 markers. Their findings emphasized the importance of complete and 
correct reference genome assembly for both marker development and linkage map 
construction. 
The evidence of recombination in the region displayed in Table III-3 points to 
possible FvH4 assembly errors. These apparent errors are relevant to the selection of 
candidate genes for the color locus in Chap II, as the determination of those candidate 
genes relies on an accurate FvH4 assembly. With these inconsistencies in mind, the list 
of candidate genes may not be considered to be accurate as it stands- candidates on 
the list may not fall in the region to which they are assigned, and there may be others 




There are a variety of mechanisms that can cause segregation distortion 
(SD), with selection acting at a gametophytic or zygotic level, including pollen 
tube competition, pollen lethal, preferential fertilization, sterility and chromosome 
translocation; the first three types are defined as gametic selection (Hedrick 
1990; Luo and Xu 2003; Taylor and Ingvarsson 2003; Ji and Chetelat 2007; Zhu 
and Wang 2007). These genetic elements causing segregation distortion may be 
potent evolutionary forces (Sandler and Novitski 1957; Taylor and Ingvarsson 
2003). 
SD has been observed in plants as diverse as rice (Yang et al. 2012), 
triticale (Alheit et al. 2011), Arabidopsis (Bikard et al. 2009), and moss (McDaniel 
et al. 2007). In a doubled haploid mapping population for Triticale (Alheit et al. 
2011)SD was seen to not only affect genetic map distances and ordering of loci, 
but also resulted in complete chromosomes being absent from genetic maps. 
Epistatic interactions are those found between two or several loci. 
Bateson-Dobzhansky–Muller (BDM) incompatibility provides a general epistatic 
model to explain autosomal SD in wide crosses and is based on inappropriate 
interactions between heterospecific alleles at multiple loci (Coyne and Orr 2004). 
BDM are known to play an important role in post-zygotic reproductive isolation in 
diverse species pairs. Although the alleles function correctly in their native 
genetic background, in a hybrid they may be incompatible. There is evidence that 
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BDM incompatibilities play an important role in post-zygotic reproductive isolation in 
diverse species pairs and has been reported in moss (McDaniel et al. 2007). McDaniel 
et al. (2007)reported that germination failure could result from deleterious epistatic 
effects among loci such that in a two-locus genotype where a sufficiently deleterious 
allele is present the complementary alleles will be overrepresented in a hybrid 
population of gametophytes. Alheit (2011)reported epistatic interactions involved in SD 
where the interactions pointed towards selection for specific allele combinations in 
triticale. 
In Arabidopsis, there are reports of physically unlinked loci not always 
segregating independently where one homozygous allelic combination at two 
independent loci may be rare or totally absent in the progeny of a specific cross (Lynch 
and Conery 2000), resulting in SD. This may be viewed as a recessive version of BDM 
type incompatibilities resulting in reduced fitness of progeny (Bikard et al. 2009). 
In rice, a killer-protector system encoded by three tightly linked genes regulates 
fertility in indica-japonica hybrids (Yang et al. 2012). During female sporogenesis, the 
action of the ‘killer’ partner causes endoplasmic reticulum (ER) stress. The ‘protector’ 
allele prevents ER stress and produces normal gametes, but the alternate protector 
allele cannot prevent ER stress, resulting in premature programmed cell death and 
leads to embryo-sac abortion. Preferential transmission of protector allele gametes 
results in segregation distortion in the progeny. 
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Individual loci, as well as linkage groups overall, were strongly skewed 
favoring maternally derived alleles (Table III-5 and Appendix D, Table D-3) in this 
study. Locus-specific segregation patterns deviated significantly from the 
expected 1:2:1 ratio for 77% of the loci, and encompassed two entire linkage 
groups.  SD on this level has been seen in two prior Fragaria diploid mapping 
populations. On the F. vesca BS×WC6 RAPD-based map (Davis and Yu 1997), 
SD was seen in 38 markers located on five of the seven linkage groups and, 
similar to the current study, in favor of the maternal Alpine (BS) parent.  SD was 
also seen on the FV×FB SSR-based map (Sargent et al. 2006), where 59% of all 
markers displayed segregation distortion, and distortion was seen on every 
linkage group. As with the current study, where the cross is between two different 
subspecies, F. vesca ssp. semperflorens and ssp. americana, the above cases 
were also from broad crosses. BS×WC6 is an intraspecific cross between two 
subspecies F. vesca ssp. vesca and ssp. americana, respectively, while FV×FB 
is an interspecific cross between F. vesca and F. bucharica, respectively. These 
studies specifically employed broad crosses, to ensure adequate amounts of 
segregating markers for the marker-types used (RAPDs and SSRs), but may 
have introduced this SD.  
SNP Array linkage map 
Of the 85,663 octoploid germplasm discovery-based SNP markers (Table 
III-2), 940 (1.1 %), were incorporable into the Fv YPF2 map. This compares 
favorably to the results seen in the diploid F. iinumae linkage map (Mahoney et 
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al., in press) where only 0.26 % of this category of marker was mapped. Of the 5,648 
codon-based Array SNPs, which had been designed using a non-discovery-based 
process, only 12 (0.21%), were incorporable into the Fv YPF2  map, and of the 3,751 
F!D discovery-based SNP markers, only 35 (0.93%) were mapped. Excluding F1D 
SNPs, which were designed specifically for the F. iinumae map, the Fv YPF2 map 
integrated more than four-fold as many markers as were incorporated into the F. 
iinumae map. This reflects the design bias resulting from use of F. vesca as the 
reference genome for array design. Of the 95,062 Array markers, only 1.04% mapped 
overall. Addressing the results by cluster-class, 26.9% (895 of 3,322) of the PHR class 
markers mapped, while only 0.1% (92 of 91,740) of the non PHR class markers 
mapped. Although there was only a moderate conversion rate of PHR class markers, 
using only the criteria of octoploid-, PHR-based markers would have been sufficient for 
mapping this population.  
Map comparisons to FvH4 and F. iinumae. 
On Sargent’s (2011) FH4 map, the centromeric positions were qualitatively 
inferred, where marker clustering was regarded as an indicator of recombination 
suppression, and found that all centromeres were positioned at the ends of LGs, except 
for LG3 and LG6. Although Mahoney et al. (in press) used a quantitative approach, 
looking for pronounced marker density within the distribution across the linkage groups, 
they reached the same conclusions. Using the same quantitative approach as Mahoney 
et al. (in press), our results (Fig. III-5) were not as conclusive. As with FvH4 and F. 
iinumae, both LG3 and LG6 had regions of marker density toward the center, but so did 
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LG7. Although LG1 and LG4 were sub-centric, they were not clearly at the ends 
of the linkage groups, and LG5 had no marker dense regions at all. 
The FvH4 PC assemblies are the products of two methods: genomic 
sequence assembly followed by anchoring the assembled contigs and scaffolds 
to linkage maps. The Fv YPF2 and F. iinumae linkage maps relied exclusively on 
recombination frequency data. Mahoney et al. (in press) took an approach to 
comparisons that used marker sequence tags as blastn queries of the two PC 
assemblies (FvH4 v 1.1 and 2.0), and so correspondences are subject to 
potential artifactual discrepancies in cases where the actual orthologous site is 
atypically divergent or is absent from the respective PC assembly due to either 
assembly deficiencies or to site loss from the comparator genome itself. We took 
a more modest approach that was not subject to the all the same discrepancies. 
As above, the marker sequence tags were key. These tags were originally 
designed from the FvH4 reference genome, and the PC location and positions 
were noted with the marker data. A simple comparison was made between the 
derived linkage group assignments (Appendix D, Table D-2) and the original PC 
placement (Appendix D, Table D-2) of the marker sequence tag. Using this 
approach, no markers were to be found on PC0 (Table III-8), as were found by 
Mahoney et al. (in press) as that sequence was not used for designing SNP 
Array markers. However, this method still falls prey to assembly deficiencies. In 
addition, this limited our search to only FvH4. Using this technique, Fv YPF2 LG5 
displayed the greatest synteny with FvH4, with only four markers (of 42) that 
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were non-syntenic. LG4 displayed the least synteny with FvH4, but it was still robust 
with 83% synteny. 
 
Conclusions 
The F. vesca YPF2 linkage map was constructed, placing 167 loci consisting of 
987 SNP markers across seven linkage groups, with a total length of 623.2 cM. The 
Affymetrix IStraw90 Axiom array provided a sufficient number of genotyped SNP 
markers to enable construction of a reasonably high-density (3.77 cM/locus) linkage 
map. Although the array was more closely designed for use with octoploids, these 
results indicate that the array may be expected to be an effective tool for other Fragaria 









Table III-2 Selection and performance of candidate SNP markers for mapping. 
Selection of the markers through the filtration pipeline is presented by the major SNP Array categories 
(codon-, octoploid-, and F1D- based). Marker exclusion criteria are as follows: F1X no call, no genotype 
call for F1X; F1X homozygous, F1X genotyped as homozygous; Parental filters, no genotype call for 
either or both parents (Y and P); Nonconcordance, Genotypes inconsistent among parental trio (Y, P , 
F1X). For the candidate markers that were mapped, the categories are subdivided by those in the 
Affymetrix Poly High Resolution (PHR) class and those that are non-PHR. 
  
Category Codon Octoploid F1D Total
Best Probe Set 5,648 85,663 3,751 95,062
Affymetrix PHR  class 143 3,097 82 3,322
F1X no call 20 241 6 267
F1X homozygous 5566 83,351 3,685 92,602
F1X heterozygous 62 2071 60 2,193
Parental Filters 2 61 1 64
Nonconcordance 16 574 8 598
Candidate totals 44 1,436 51 1531
Binned candidates 14 972 35 1021
Binned candidates mapped 12 940 35 987
PHR  class 12 854 29 895
Non-PHR  class 0 86 6 92
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Table III-3 Sample of Affymetrix IStraw90 Axiom SNP Array genotyping data for FvH4 
pseudochromosome 1 (PC1). 
Data is for SNP markers listed by physical position on PC1 and includes bin B020-13, which co-locates 
with the color locus without recombination (Chapter II, Fig. II-4). Key: A = 'Yellow Wonder' allele, B = 
'Pawtuckaway' allele, H = heterozygous alleles.  
 
 
Table III-4 Genotyping data for Affymetrix IStraw90 Axiom SNP Array bin B020-13 and PCR-based 
Myb10B bin and color locus. 
A = homozygous for ‘Yellow Wonder’ alleles (or cc), B = homozygous for ‘Pawtuckaway’ alleles, H = 







Table III-5 Significant distortion of loci among linkage groups. 
Referencing JoinMap data, those loci displaying one asterisk (where * = p = 0.1) are not considered 





Table III-6 Segregation distortion in linkage map. 
Sums of genotypic counts and calculated genotypic proportions over all the loci within each LG are listed, 
along with results of Chi-Square Goodness-of-Fit tests to a ratio of 1:2:1. Chi square critical value = 5.99 






ns * (p = 0.1) p < 0.05
1 9 3 12
2 3 0 16
3 0 1 30
4 10 0 5
5 0 0 15
6 0 0 29
7 11 1 22
Total 33 5 129
Loci Segregation distortion
LG
aa ab  bb Total aa ab bb
1 402       637       161       1,200    0.34 0.53 0.13 101.37    **
2 469       414       67         950       0.49 0.44 0.07 355.89    **
3 680       787       83         1,550    0.44 0.51 0.05 460.25    **
4 181       360       209       750       0.24 0.48 0.28 3.29        -
5 244       414       92         750       0.33 0.55 0.12 69.72      **
6 696       660       94         1,450    0.48 0.46 0.06 511.52    **
7 526       957       217       1,700    0.31 0.56 0.13 139.27    **
Total 3,198    4,229    923       8,350    0.38 0.51 0.11 1,241.07 **






Table III-7 Allelic counts in linkage map. 
Sums of allelic counts and calculated allelic proportions over all the loci within each LG are listed, along 






Table III-8 Synteny comparison of F. vesca (YPF2) markers to FvH4 v1.1 pseudochromosomes. 
A comparison between each marker on the seven linkage groups was made to the FvH4 
pseudochromosome (PC) information provided for each marker sequence tag. Counts were made for all 
syntenic (markers assigned to the corresponding FvH4 PC) and non-syntenic relationships (markers 




a b Total a b
1 1,441    959       2,400    0.60 0.40 96.80 **
2 1,352    548       1,900    0.71 0.29 340.22 **
3 2,147    953       3,100    0.69 0.31 459.88 **
4 722       778       1,500    0.48 0.52 2.09 -
5 902       598       1,500    0.60 0.40 61.61 **
6 2,052    848       2,900    0.71 0.29 499.87 **
7 2,009    1,391    3,400    0.59 0.41 112.33 **
Total 10,625  6,075    16,700  0.64 0.36 1,239.67 **
LG
Allele Counts Allelic Proportions
Χ
2 
PC1 PC2 PC3 PC4 PC5 PC6 PC7
1 98 - 1 0 0 1 15 1 116
2 94 0 - 4 0 0 7 0 105
3 181 2 9 - 8 6 0 2 208
4 89 0 0 5 - 4 5 4 107
5 38 2 0 0 1 - 0 1 42
6 171 8 1 5 10 1 - 1 197
7 190 0 0 13 1 1 7 - 212
Total 861 12 11 27 20 13 34 9 987
Syntenic
Non-Syntenic






Table III-9 Comparison by linkage group between FV×FB and F. vesca YPF2. 






Figure III-1 Affymetrix Axiom® SNP array process. 
A. Sample plates hold genomic DNA fragments from 96 (right) or 384 (left) individuals, each in its own 
chamber. B. Within each chamber, the genomic DNA fragments hybridize to the probes anchored to the 
array. Labeled probes are introduced to ligate to the anchored, hybridized probes. C. Allele-specific 






Figure III-2 Cluster diagrams for six different cluster quality classes. 
 
The diagrams represent the six typical SNP quality classes, where colored dots each represent one 
individual and a dot’s location indicates its SNP genotype. SNPolisher software classifies the SNPs into 








Figure III-3 Flowchart for Axiom IStraw90 SNP Array marker selection. 
The original genotyping data set was refined using a series of optimizing filters. After selecting for 
heterozygous F1X data, selection against missing data was performed in the parental trios. As there were 
two P sets of data, a consensus set was assembled prior to determining concordant genotypes and 
coding the population. Subsequent to optimizing the genotype set, individuals with > 1% or markers with 









Figure III-4 Fragaria vesca binned SNP Array linkage map. 
 
A genetic linkage map of 987 SNP Array markers in 167 bins is constructed from 50 F2 progeny from the cross F. vesca ssp. semperflorens 
‘Yellow Wonder’ × F. vesca ssp. americana ‘Pawtuckaway’ (YPF2). The bin names are a sequentially ordered series, each with the prefix ‘B’ 
(for bin), and a hyphenated suffix designating the number of markers found in the bin. The color locus and PCR-based Myb10B bin co-locate 








Figure III-5 Marker distribution across seven F. vesca YPF2 linkage groups. 
In six of the linkage groups, pronounced peak of marker density can be seen. In LG5, there are no bins 





Figure III-6Corning CoStar 96 Well Polypropylene Cluster Tubes, 8-Tube Strip Format. 
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CONCLUSIONS AND FUTURE DIRECTIONS 
This project was initiated with the goal of confirming the strongly implicated 
candidate gene Flavanone 3-hydroxylase (F3H) as the molecular identity of the 
classically defined fruit color (c) locus in Fragaria vesca. The first objective was to re-
examine the linkage relationship between F3H and the fruit color locus in an 
independent mapping population. The new mapping population, the F2 progeny (YPF2) 
of the cross F. vesca ssp. semperflorens ‘Yellow Wonder’ and F. vesca ssp. americana 
‘Pawtuckaway’, as with its predecessors, segregated for red versus yellow fruit color. 
Unexpectedly, recombination between the two loci was detected in the YPF2 population 
resulting in a measured map distance of 7.4 cM between F3H and the fruit color locus. 
Having refuted the hypothesized identity between the fruit color locus and F3H, the goal 
of the project took new directions.  
Given this situation, the scope of the project broadened, with the results in this 
dissertation partitioning into three distinct components, presented as chapters: 1) the 
examination of targeted gene neighborhoods in F. vesca ‘Pawtuckaway’ as facilitated by 
a previously constructed fosmid clone library; 2) identification of alternate candidate 
genes for the identity of the c locus; 3) evaluating the IStraw90 SNP Array as a high-
throughput tool for constructing a new, SNP marker-based genetic linkage map of F. 
vesca. These categories echo the progress of this project as well as the development of 
Fragaria vesca as a genetic and genomic resource. There was a degree of overlap in 
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the work presented in each chapter, and the undertakings toward each of these goals 
are briefly summarized here, attended by recommendations for future directions. 
The work in Chapter I falls on the heels of my Master’s project, where I 
constructed a fosmid clone library for F. vesca ‘Pawtuckaway. A subset of gene-
targeted fosmid inserts were scrutinized bioinformatically, and the characterized gene 
space provides information that may be, and has been, used in a number of ways: 
anchoring short-read sequencing assemblies; assisting high-throughput whole genome 
sequencing efforts; and allowing comparative studies of biologically important genes 
relevant to agricultural production for  breeding and selection. The development of this 
genomic resource will also permit comparisons with other diploid and polyploid Fragaria 
species, revealing evolutionary relationships. 
In Chapter II, I examined the F3H neighborhood in a similar fashion to that 
described in Chapter I. The sequence of this region allowed for the design of gene-pair 
markers to map F3H in the YPF2 mapping population, as well as adding to the 
resolution of the targeted gene neighborhoods. The unexpected discovery of 
recombination between the F3H gene and the fruit color locus in the YPF2 population 
prompted a fresh examination of LG1 for potential candidate genes that participate in 
the anthocyanin biosynthetic pathway. I also presented a genetic linkage map which 
served as a foundation for fine mapping the color locus region on linkage group I (LG1). 
Due to the irregularities discovered between the SNP markers as aligned to the 
FvH4 v1.1 physical map and the PCR-based linkage map in the region lacking 
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recombination on LG1, there is still some question as to the validity of the physical 
positions of the candidate genes, and whether all appropriate candidates have been 
discovered. To validate or reject the proposed candidate genes calls for finding markers 
in the genes of interest and performing further linkage mapping. 
While not ignoring the other candidate genes, a clear avenue is indicated for 
future research directed at defining the molecular identity of the fruit color locus. Of the 
few candidate genes identified, a Myb10 gene, represented by our Myb10B marker, 
stands out as having the most support and, based on position and function, seems the 
strongest candidate for the fruit color locus. In addition to the other forms of support 
discussed in Chap III, the color locus and the Myb10B bin from the PCR-based map 
were found to co-locate with SNP bin B020-13.To confirm the putative identity of Myb10 
as the molecular identity of the color locus, molecular complementation or mutational 
reversion via gene editing might be implemented. Either method could utilize the 
established agrobacterium-mediated transformation protocols for Fragaria to introduce 
an appropriate cassette into yellow fruit in an attempt to induce the development of red 
pigmentation. 
Chapter III presented the first SNP-based linkage map of F. vesca constructed 
using the YPF2 population and the markers from the Affymetrix IStraw90 SNP array. In 
addition to having a new, densely marker-populated map, this work also demonstrated 
for the first time that the IStraw90 genotyping platform proved to be a viable tool in a 
Fragaria species other than those on which its design was based. Additionally, it was 
 167 
 
intriguing that four times as many of the octoploid-based markers were assigned to the 
F. vesca map as were assigned to an F. iinumae map.  
The map itself also yielded interesting results. This map offered further support to 
the segregation distortion seen previously in some F. vesca linkage maps, and was 
strongly and systematically skewed in favor of the maternally-derived alleles. Also of 
note was the high degree of synteny seen between the F. vesca YPF2 map’s linkage 
groups and the FVH4 pseudochromosomes. 
The investigation described here suggests direction for future research on post-
zygotic mechanisms of reproductive isolation that inhibit gene flow between F. vesca 
ssp. vesca and ssp. americana. The ‘Yellow Wonder’ and ‘Pawtuckaway’ pairing in 
reciprocal crosses seems a particularly appropriate model system for this investigation, 
as, in addition to the conclusions of the current study,  previous research in the Davis 
lab (Reavey 2002) with these parents suggested intriguing nuclear-organelle 
interactions impacting segregation distortion. 
The F. vesca YPF2 map presented here was constructed entirely with binned 
SNP markers, which offered a robust underpinning for the map, but 167 additional 
single markers were also assigned to linkage groups, but not yet incorporated into those 
groups, and many of these 167 SNP markers might be incorporated to provide a map 
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Table B-1Fosmid Gene Content Annotation. 
Results of Blastx and Blastn searches, strand assignments, and inferred start and stop codon positions of identified genes. In the gene site 
column, the gene matching the respective probe is indicated by an asterisk. 
F-EST matches but no Blastx hits
Fosmid 01I13 = EU024823 (HY5) 40,801  bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Minus excluded excluded na (EST = unknown protein) 680 NP_194926 na At4g31980 DY674412 99% Yes No No








At2g36430 No No Yes








At2g36430 No No Yes




100% Yes No Yes
5 Plus 11550 13050
OCP3 (OVEREXPRESSOR OF CATIONIC 
PEROXIDASE 3) 354 NP_196688 E=4.0e-31 At5g11270 CX661043 99% CX661123 99% Yes No Yes
6* Plus 16756 18732
HY5 (ELONGATED HYPOCOTYL 5); DNA 
binding / transcription factor 168 NP_568246 E=2.3e-39 At5g11260 CO816924 97% (DY667374) 99% EX686844 98% Yes Malus, Prunus Yes
CONTIG BREAK 20973-21072
7 Plus 24309 30383
CESA1 (CELLULOSE SYNTHASE 1); 











99% Yes No Yes
9 Minus 36521 34310
SHS1 (SODIUM HYPERSENSITIVE 1); 
binding / transporter 392 NP_194966 E=1.5e-76 At4g32400 EX672645 99% DY668003 99% Yes No Yes
Fosmid 08G19 = EU024826 (AP3) 38,293 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Plus excluded? 1576
VHA-A1 (VACUOLAR PROTON ATPASE A 1); 
ATPase 817 NP_850122 E=9.9-49 At2g28520 No No Yes
2* Plus 2794 5042 floral homeotic protein AP3 232 NP_191002 E=7.8e-25 At3g54340 No
Rosa (95%), 
Malus Yes
3 Plus 6948 11806
putative protein                                             




transcription factor/zinc ion binding (SALT 
TOLERANCE HOMOLOG2) 331 At: NP_177686 E=8.4e-24 At1g75540 No Malus No




97%       
99%    
95% Yes Rosa, Prunus Yes
6 Plus 23851 24576 small basic intrinsic protein 1 238 Vv: ABD46741 E=1.3e-62 na EX676239 100% Yes No Yes
7 Minus ~29535 ~25000 polyprotein 1451 At: AAC02664 E=9.1e-156 na No No Yes
8 Plus 30738 31463 small basic intrinsic protein 1 238 Vv: ABD46741 E=6.6e-68 na  EX662321 99% Yes No Yes
9 nd nd nd no match (EST) ? no match ? ?
DY667692  
DY674185 
99%       
98% Yes No Yes
10 Plus 35614 36801 polygalacturonase 397 NP_187440 E=4.7e-83 At3g07830 No No Yes
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs
Colinearity with Arabidopsis thaliana
Transposable-element-related








Fosmid 10B08 = EU024827 (LFY) 35,178 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1* Plus 2546 4496 LFY (LEAFY) 420 At: NP_200993 E=5.1e-44 At5g61850 No No No
2 Minus 9409 7661
ACS8; 1-Amino-cyclopropane-1-carboxylate 
synthase 8 469 NP_195491 E=1.3e-148 At4g37770 No No Yes




96% Yes No Yes
4 Minus 14398 nd unknown protein 168 NP_564215 E=6.0e-13 At1g24350 EX663283 100% Yes Prunus, Malus Yes
5 Minus 21833 15885(?) ATP-dependent DNA helicase, putative 911 NP_174109 E=3.2e-38 At1g27880 No No No
6 Minus 29159 22954 unknown protein 1148 NP_174106 E=6.4e-31 At1g27850 No Malus Yes
7 Plus 33194
nd 




99% EX675274 99% Yes No Yes
Fosmid 13I24 = EU024831 (gRGA2) 33,654 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)








At3g14470 DY666677 95% Yes No Yes
2 Plus 10759 14828 unknown protein 511 NP_850772 E=1.7e-12 At5g05310 No Malus, Prunus Yes
3 Plus 21334 23064 xanthine/uracil permease family protein 579 NP_566384 E=0 At3g10960 DY672064 99% EX678367 98% Yes Malus Yes
4 Plus 24627 26495 protein phosphatase-related 282 NP_566383 E=9.7e-53 At3g10940 No Malus, Prunus Yes
5 Minus 28680(?) nd
CIPK20 (CBL-INTERACTING PROTEIN 
KINASE 20); kinase  439 NP_199394 E=5.3e-99
At5g45820 
At5g45810 No No No
6 Minus 31117 29825
CIPK20 (CBL-INTERACTING PROTEIN 
KINASE 20); kinase 439 NP_199394 E=1.7e-121
At5g45820 
At5g45810 No No No
7 Minus nd (excl) 32014 HEME2; uroporphyrinogen decarboxylase 394 NP_181581 E=3.1e-83 At2g40490 DY670099 99% Yes Yes Yes
Fosmid 14K06 = EU024832 (ADH) 36,024 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Plus 1162 2463
unknown protein (homology to plant 








At2G13770 No No Yes
2 Plus ? ? copia-type pol polyprotein-like 1123 At: BAA97087 E=2.6e-10 nd No No Yes




99% EX659312 99% DY674798 100% Yes
Rosa (94%), 
Prunus, Malus Yes
4* Plus 20364 22788 alcohol dehydrogenase 379 NP_177837 E=1.3e-114 At1g77120 No No No
5 Minus 31733 24147
Transcription initiation factor           (KOW 
domain) 989 At: NP_180968 E=1.6e-74  At4g08350 DV438259 98% Yes Prunus, Malus Yes
Fosmid 19H07 = EU024837 (SOC) 32060 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 





AGL6 (AGAMOUS LIKE-6); DNA binding / 
transcription factor 252 NP_182089 E=9.6e-8 AT2G45650 DV438632
95-
100% Yes Malus Yes








At4g27190 No No Yes
3 Plus nd (9375?) 12261 pfkB-type carbohydrate kinase family protein 343 NP_199996 E=7.1e-81
At5g51830 
and others No No Yes
4* Minus nd 13027
AGL20 (SOC1) SUPPRESSOR 
OF CONSTANS OVEREXPRESSION 1 214 NP_182090 E=4.1e-11 At2g45660 CO817776 99% Yes
5 Minus nd nd
hypothetical protein (possible 
mitochondrial or polyprotein) 240 NP_085537 E=2.1e-12 AtMg00810 Yes(?) No Malus
6 Minus 18303 nd
AGL14 (AGAMOUS-LIKE 14); DNA binding / 
transcription factor 221 NP_192925 E=1.5e-22 At4g11880 No Rosa Yes
CONTIG BREAK 18793 - 18892
7 Minus 20506 nd
AGL14 (AGAMOUS-LIKE 14); DNA binding / 
transcription factor 221 NP_192925 E=1.7e-23 At4g11880 No Rosa Yes
CONTIG BREAK 26621 - 26720
8 Plus? nd nd copia-type pol polyprotein-like 1123 BAA97087 E=0.00024 nd No No No
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs







Fosmid 19M24 = EU024838 (gRGA1) 32776 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Minus excluded excluded
na ( EST = elongation factor 1B-gamma, 




93% Yes No No
2 Minus 8007 2590
putative disease resistance protein (TIR-




100% Yes No Yes
3* Minus 21785 16756
putative disease resistance protein (TIR-
NBS-LRR class) 1219 NP_192938 E=1.0e-104 At4g12010 No No Yes
















96% Yes No Yes
5 Minus 29502 28078
very-long-chain fatty acid condensing enzyme, 
putative 492 NP_173916 E=3.1e-120 At1g25450 No No Yes
6 Plus 32104
nd 
(excluded) ATFUC1 (ALPHA-L-FUCOSIDASE 1) 506 NP_180377 E=9.6e-51 At2g28100 No No Yes
Fosmid 32L07 = EU024845 (gRGA2) 32968 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)






98    
97 Yes No Yes
2 Minus 4097(?) nd
SMC2 (STRUCTURAL MAINTENANCE OF 








AT3G47460 No No No
3 Minus nd 6308
ATNOA1/ATNOS1/NOA1/NOS1 (nitrous oxide 
synthase 1) 561 NP_850666 E=3.0e-34 At3g47450 Yes No Yes
4* Minus 15729 11584









At3g14470 Yes No Yes
5 Minus 23814 17373
SMC2 (STRUCTURAL MAINTENANCE OF 








AT3G47460 Yes (3' only) Rosa, Malus Yes




97% EX676257 98% Yes No Yes
7 Minus 32234 30250
cytochrome P450, family 704, subfamily A, 
polypeptide 2 511 NP_182075 E=9.3e-100 At2g45510 No No Yes
Fosmid 34E24 = EU024847 (cRGA1) 36278 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Minus 4635(?) 3096(?) glycosyl hydrolase family 17 protein 408 NP_174300 E=1.3e-135 At1g30080 EX665543 100% Yes No Yes
2 Plus 11485 15484(?)
CUL4 (CULLIN4); protein binding / ubiquitin-
protein ligase 792 NP_568658 E=1.8e-53 At5g46210 DY669555 100% Yes
Rosa, Prunus, 
Malus Yes
3 Minus 17119 nd (16322?)
Fragment: disease resistance protein (CC-NBS-
LRR class), putative na
NP_201491 
NP_201492 na na No No Yes
4 Minus 23660(?) 18556(?)













96% Yes No Yes
5 Plus 24403(?) 25666(?)
SRO2 (SIMILAR TO RCD ONE 2); NAD+ ADP-
ribosyltransferase 323 NP_173769 E=4.7e-40 At1g23550 Yes No No
6* Minus 29841 26068









At5g66910 DY672950 99% DV439384 98% Yes No Yes
7 Minus 34482 31283









At5g66910 No No Yes
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs







Fosmid 41O22= EU024852 (TPS) 32,997 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Plus nd 5218
pentatricopeptide (PPR) repeat-containing 
protein 394 NP_566445 E=1.9e-24 At3g16160 No No Yes
2* Minus 7766 5524 terpene synthase/cyclase family protein 569 NP_176361 E=2.1e-55 At1g61680 Yes Rosa Yes
3 Plus nd 12132
pentatricopeptide (PPR) repeat-containing 
protein 394 NP_566445 E=2.5e-32 At3g16160 No No Yes
4 Minus 14679 12437 terpene synthase/cyclase family protein 569 NP_176361 E=2.4e-56 At1g61680 Yes Rosa Yes
5 Minus 20493 16470 zinc ion binding 1171 NP_176362 E=8.0e-164 At1g61690 No Rosa (90%) Yes
6 Minus 23737 21439 phototropic-responsive NPH3 protein-related 506 NP_188849 E=3.0e-71 At3g22104 No No Yes






99% Yes Rosa Yes
8 Minus nd nd na (EST = no matches) DV438377 99% Yes No No
Fosmid 48I08 = EU024856 (CHI) 38,803 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 












At3g46290 CO816840 94% Yes Prunus, Malus Yes
2 Minus nd nd protein kinase-related 471 NP_190213 E=1.2e-25 At3g46280 No No Rosa
3 Minus nd nd protein kinase-related 471 NP_190213 E=6.6e-9 At3g46280 No No Rosa
CONTIG BREAK 11537-11636







5 Plus 18401 nd unknown protein 679 NP_196860 E=8.7e-19 At5g13560 EX687325 98% EX658006 98% Yes Malus Yes
CONTIG BREAK 26584-26683










7 Plus 31596 33918
EMB1067 (EMBRYO DEFECTIVE 1067); tRNA 
2'-phosphotransferase 289 NP_182058 E=3.2e-23 At2g45330 No Malus Yes
8 Plus 37804(?) excluded
disease resistance protein (TIR-NBS-LRR 
class), putative 1095 NP_192855 E=4.5e-25 At4g11170 No No Yes
Fosmid 49M15 = EU024859 (gLRR) 42,209  bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Plus excluded excluded
na (EST = regulator of chromosome 
condensation (RCC1) family protein / UVB-
resistance protein-related) 434 NP_680156 na At5g08710 CO380521 95% Yes No Yes
2 Minus 3240 1668
DUO1 (DUO POLLEN 1); DNA binding / 
transcription factor 297 NP_191605 E=1.4e-24 At3g60460 No No Yes
3 Plus 14811 15269 unknown protein 127 NP_198776 E=2.4e-40 At5g39600 (DY671420) 99% Yes No Yes
CONTIG BREAK 19100-19200
4a* Plus 22399 25590(?) disease resistance family protein 905 NP_181039 E=7.3e-122 At2g34930 No No Yes
4b Plus nd 26611
XF1 (SQUALENE EPOXIDASE 1); 
oxidoreductase 531 NP_564734 E=3.7e-41 At1g58440 No No Yes
CONTIG BREAK 29635-29735
5 Minus nd nd possible transposase na na E=5.3e-97 na Yes ? ?
6 Plus 36823(?) 40136 hydrolase, alpha/beta fold family protein 359 NP_568381 E=1.5e-52 At5g19850 No Malus Yes
7 Minus excluded 41485 ACD1-LIKE; electron carrier 536 NP_567725 E=9.5e-15 At4g25650 No No Yes
Fosmid 51F10 = EU024860 (PHYA) 29,623 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 





EMB1138 (EMBRYO DEFECTIVE 1138); ATP 








99% Yes Malus Yes
2 Plus 5350 9293 unknown protein 422 NP_187245 E=8.2e-27 At3g05940 No Malus Yes
3 Plus 11606 12004 unknown protein 99 NP_568485 E=1.0e-8 At5g26731 No No No
4 Plus 15481 15837 unknown protein 113 NP_001118586 E=1.3e-8 At3g05936 No No No
5* Plus 24464 28802
PHYA (PHYTOCHROME A); G-protein coupled 
photoreceptor/ signal transducer 1122 NP_172428 E=0 At1g09570 NO!! Prunus, Malus Yes
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs







Fosmid 52B01 = EU024861 (CO) 29,916  bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Minus 2559 1213 F-box family protein 359 NP_199772 E=0.00038 At5g49610 Yes No Yes
2 Plus nd nd mutator-like transposase-like protein various E=1.6e-18 nd nd nd
3 nd nd nd no good Blastx matches DY670320 98% Yes no no
4 Plus 15434 16675 PGK (PHOSPHOGLYCERATE KINASE) 401 NP_178073 E=1.4e-57 At1g79550 No No Yes
5* Minus 21021 19159
COL2 (CONSTANS-LIKE 2); transcription 






99% CO380854 98% Yes No Yes
6 Plus 24044 nd F-box family protein 416 NP_172814 E=2.2e-36 At1g13570 No No Yes
7 Minus 29005 26083
NIK2 (NSP-INTERACTING KINASE 2); protein 
kinase 636 NP_974360 E=7.0e-177 At3g25560 DY673059 99% DY668094 99% Yes No Yes 
Fosmid 52I20= EU024863 (GBSSI) 42,439 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Minus 461 excluded oxidoreductase 250 NP_568767 E=2.3e-25 At5g51880 No Prunus, Malus Yes
2 Plus 2418 nd
AGL42 (AGAMOUS LIKE 42); transcription 
factor 210 NP_568952 E=1.3e-22 At5g62165 No
Rubus (93%), 
Malus Yes
3 Plus 10603 12940(?) unknown protein 703 NP_201023 E=6.9e-19 At5g62170 No No Yes
4 Minus 17552(?) 17046 unknown protein 245 NP_568766 E=1.7e-9 At5g51840 CX309703 96% Yes Malus Yes
5 Plus 19451 20635 hydroxyproline-rich glycoprotein family protein 426 NP_195905 E=1.9e-97 At5g02850 DY668128 98% Yes Prunus Yes
6a Minus nd 21408
DNA binding / binding / protein binding / zinc 
ion binding 797 NP_567188 E=1.2e-44 At4g00790 DY672167 98% Yes Prunus Yes
6b Minus
30583 or 
30622 nd unknown protein 994 NP_567189 E=0 At4g00800 DY672167 98% Yes No Yes




98% DV438298 98% Yes No Yes






high Yes Yes Yes
9 Minus 41612 nd
RNA recognition motif (RRM)-containing 
protein 304 NP_182201 E=1.2e-39 At2g46780 No No Malus
Fosmid 53J04= EU024864 (TPS) 32,846 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Minus 1188 excluded unknown (EST = BHLH) nd nd E=0.5 nd EX683181 100% Yes No Yes
2 Plus 9652 10620 unknown protein 363 NP_172611 E=6.5e-17 At1g11440 No No Yes
3 Plus 11570 12148 unknown protein 156 NP_564783 E=8.5e-41 At1g61667 (DV439684) 99% EX657284 99% Yes Rosa No
4 Minus 14822(?) 14036(?)
DYT1 (DYSFUNCTIONAL TAPETUM 1); DNA 
binding / transcription factor 207 NP_193864 E=1.2e-15 At4g21330 No No Yes
5 Plus 15964 17100
PPR336 (PENTATRICOPEPTIDE REPEAT 
336) 394 NP_566445 E=1.5e-106 At3g13160 No No Yes
6* Minus nd 17404 terpene synthase/cyclase family protein 569 NP_176361 E=1.2e-123 At1g61680 Yes Rosa No
CONTIG BREAK 20424-20523
7 Plus nd nd gypsy/Ty-3 retroelement polyprotein nd na E=2.3e-46 na No No No
Fosmid 53O08 = EU024865 (DFR) 31107 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
1 Plus excluded 1231
heat shock protein binding/auxilin-like protein / 




At4g12780 No Malus Yes
CONTIG BREAK 2987 - 3086
2 Minus 4009 1926
OTC (ORNITHINE 
CARBAMOYLTRANSFERASE); 375 NP_177667 E=2.0e-81 At1g75330 Yes(?)
Rubus, 
Prunus, Malus Yes
3* Minus 6782 5115
DFR (DIHYDROFLAVONOL 4-REDUCTASE); 






99% CO382045 95% Yes Rubus Yes
4 Plus nd nd putative retroelement pol polyprotein ? various E=0 na Yes No Yes
CONTIG BREAK 19204 - 19303
5 Minus in gap? 23767 unknown protein 406 NP_189149 E=2.4e-29 At3g25130 No No Yes
CONTIG BREAK 24979 - 25078
6 Minus nd nd unknown protein nd various E=3.3e-13 various No No Yes
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs










Fosmid 73I22 = EU024868 (CHS) 33,392 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)






























3 Minus 12347 8048 unknown protein 749 NP_199605 E=3.9e-46 At5g47940 No No Yes
4 Minus 17977(?) 12831(?)




many) E=0 na No No No
5 Minus nd 21263
FAD binding / catalytic/ tRNA dihydrouridine 
synthase  419 NP_567149 E=9.6e-31 At3g63510 DY666976 99% Yes Malus Yes
6 Plus 32229
nd 
(excluded) ATAB2; RNA binding 374 NP_566327 E=2.4e-55 At3g08010 DY675461 100% DV438250 na Yes No Yes
Fosmid 76C08 = EU024870 (RAN) 44,732 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 
EST (< 85% 
ID)
Gene 
1(t) Minus nd 1497 reverse transcriptase-related 365 NP_178368 E=0.0025 At2g02650 No No No
Gene 
2 Plus 3915(?) 7046 DNA binding 512 NP_190912 E=2.2e-31 At3g54440 No No Yes
Gene 
3 Minus 9900 8537
BHLH093 (BETA HLH PROTEIN 93); DNA 
binding / transcription factor 351 NP_569014 E=8.3e-15 At5g65640 No Prunus, Malus Yes
Gene 
4 Plus 16941(?) 19547
FRS5 (FAR1-RELATED SEQUENCE 5); zinc 
ion binding 788 NP_195531 E=8.6e-105 At4g38180 No No No
CONTIG BREAK 25261 - 25360
Gene 
5 Plus in gap? 27913 glycosyl hydrolase family 3 protein 792 NP_196618 E=8.8e-57 At5g10560 No Prunus Yes
Gene 
6* Plus 31543 34734
GL3 (GLABRA 3); transcription factor (bhlh 1), 
myc-like anthocyanin regulatory protein 637 NP_680372 E=3.2e-88 At5g41315 DY668863 99% Yes Yes Yes
CONTIG BREAK 39276 - 39375
Gene 
7 Plus Excluded Excluded
na (EST = glyceraldehyde-3-phosphate 
dehydrogenase C subunit (GAPC-2). Note: 
this gene's cds is entirely off the fosmid, 
and is detected only by EST walking. 310 NP_001077530 At1g13440 Yes Many Yes
Fosmid 76K13 = EU024871 (PI) 32,767 bp






stop Putative identity # aa Blastx   At/Virid.
Best             
E value Locus (At)
5' end      
Blastn Hit %ID
Middle/(ALL)      
Blastn  Hit %ID
3' end      
Blastn  Hit %ID
Fragaria 
EST (> 85% 
ID)
Rosaceae 
EST (> 85% 
ID)
Rosaceae 






(excluded?) EFS (EARLY FLOWERING IN SHORT DAYS) 1763 At: NP_177854 E = 3.2e-38 At1g77300 DY672086 99% Yes No No
2* Minus 13543 11454 floral homeotic protein PI 208 At: AAD51995 E=1.6e-20 At5g20240 DV438848 96% DV439190 99% Yes Rosa (petal) Yes
3 Minus 17325 14953 floral homeotic protein PI 208 At: AAD51995 E=7.6e-18 At5g20240 Yes No Yes
4 Minus 22217 19246
PTAC6 (PLASTID TRANSCRIPTIONALLY 
ACTIVE6) 328 At: NP_564144 E=2.6e-54 At1g21600 EX660405 98% Yes Prunus Yes




99% Yes Rosa Yes
6 Plus 28859
nd 
(excluded?) wound-responsive family protein 684 At: NP_173580 E=3.9e-14 At1g21610 No No Yes
Blastn - Rosaceae ESTs
Blastn - Rosaceae ESTs







Table B-2Gene Models. 
Gene models are presented for the 15 genes that had complete, top-tier EST coverage. The numbers in color-coded boxes (see key) denote 
sequence locations within the respective fosmid sequences. The numbers in non-color-coded boxes are cumulative lengths, in base pairs 










14K06 (Fig. 6) Gene 3: ADH -2 Ex 1 Int 1 Ex 2 Int 2 Ex 3 Int 3 Ex 4 Int 4 Ex 5 Int 5 Ex 6 Int 6 Ex 7 Int 7 Ex 8 Int 8 Ex 9 Int 9 Ex 10*
13923 13886 13125 12988 12747 12700 12593 12267 12161 12078 11994 11918 11826 11764 11415 11319 11229 11067 10962 Number Exons 10
13887 13126 12989 12748 12701 12594 12268 12162 12079 11995 11919 11827 11765 11416 11320 11230 11086 10963 10846 Length coding seq (bp) 1143
37 bp 137 bp 47 bp 326 bp 83 bp 76 bp 62 bp 96 bp 162 bp 117 bp Number Introns 9
761 bp 241 bp 107 bp 106 bp 84 bp 92 bp 349 bp 90 bp 105 bp Cumulative length introns (bp) 1935
52I20 (Fig. 7) Gene 8: RPP1C Ex 1 Int 1 Ex 2 Int 2 Ex 3 Int 3 Ex 4*
37012 36960 36834 36765 36604 36391 36286 Number Exons 4
36961 36840 36766 36605 36392 36287 36233 Length coding seq (bp) 336
na 69 bp 213 bp 54 bp Number Introns 3
121 bp 161 bp 105 bp Cumulative length introns (bp) 774
53J04 (Fig. 9) Gene 3: Ex 1 Int 1 Ex 2
unknown protein 11570 11997 12093 Number Exons 2
11996 12092 12148 Length coding seq (bp) 483
427 bp 56 bp Number Introns 1
96 bp Cumulative length introns (bp) 96
76K13 (Fig. 10) Gene 2: Ex 1 Int 1 Ex 2 Int 2 Ex 3 Int 3 Ex 4 Int 4 Ex 5 Int 5 Ex 6 Int 6 Ex 7
PISTILLATA- 1 13543 13352 13212 13145 12541 12479 12394 12294 12123 12093 11987 11942 11579 Number Exons 7
13353 13213 13146 12542 12480 12395 12295 12124 12094 11988 11943 11580 11454 Length coding seq (bp) 621
191 bp 67 bp 62 bp 100 bp 30 bp 45 bp 126 bp Number Introns 6
140 bp 604 bp 85 bp 171 bp 106 363 bp Cumulative length introns (bp) 1469
10B08 (Fig. 11) Gene 3: RPL12C Ex 1
9858 Number Exons 1
10346 Length coding seq (bp) 489
489 bp Number Introns 0
Cumulative length introns (bp) 0
01I13 (Fig. 14) Gene 4 Ex 1 Int 1 Ex 2 Int 2 Ex 3
Unknown Protein 11285 11175 10442 10210 9471 Number Exons 3
11176 10443 10211 9742 9445 Length coding seq (bp) 369
110 bp 232 bp 27 bp Number Introns 2







01I13 (Fig. 14) Gene 6: HY5 Ex 1 Int 1 Ex 2 Int 2 Ex 3 Int 3 Ex 4
16756 16856 17298 17479 17580 17737 18670 Number Exons 4
16855 17279 17478 17579 17736 18669 18732 Length coding seq (bp) 501
100 bp 181 bp 157 bp 63 bp Number Introns 3
442 bp 101 bp 933 bp Cumulative length introns (bp) 1476
01I13 (Fig. 14) Gene 8 Ex 1 Int 1 Ex 1 Int 1 Ex 1 Int 1 Ex 1 Int 1 Ex 1
Nucl. acid bind. 31777 31915 32015 32064 32163 32226 32313 32378 33253 Number Exons 5
31914 32014 32063 32162 32225 32312 32377 33252 33342 Length coding seq (bp) 405
138 bp 49 bp 63 bp 65 bp 90 bp Number Introns 4
100 bp 99 bp 87 bp 875 bp Cumulative length introns (bp) 1161
52B01 (Fig. 15) Gene 5: CO Ex 1 Int 1 Ex 2
21021 20223 19518 Number Exons 2
20224 19519 19159 Length coding seq (bp) 1158
798 bp 360 bp Number Introns 1
705 bp Cumulative length introns (bp) 705
49M15 (Fig. 21) Gene 3 Ex 1 Total
Unknown Protein 14811 Number Exons 1
15269 Length coding seq (bp) 459
459 bp 459 Number Introns 0







OVERALL SUMMARY - INTRONS
Total intron length = 12144
Total number introns = 43
Average intron length = 289






















106 207 582 733
85 172 442 612 712 933
140 171 349 363 469 604 705 761 875












C. APPENDIX C 




Table C-1YPF2 mapping population. 
Entire PCR-based marker mapping population, 96 individuals, 66 markers. Key: A = homozygous for ‘Yellow Wonder’ alleles (or cc), B = 
homozygous for ‘Pawtuckaway’ alleles, H = Heterozygous, C = C_ (CC or Cc), D = D_, - = missing data. 
 
Marker names 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36 38 39 40 41 42 43 44 45 46 48 49 50 52 53 54 55 56 57 58 59 60 62 63 64 65 66 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 85 86 87 88 89 91 92 96 97 98 100 101 102 103 104 105 106 111 112 114
1 01H23 B A H A A H A H A A B H H B A H H H H A A H B H B H A A H H A H A H A H A H H A A A H H H H H H A H B B B H A H H H A H B H B H A A H B A H H H A H B A B A A H B A A H B A A A A A A A A H B A
2 01I13-HindIII A A A H H A A A A A A A A A A H A A A A A A A A A A A A A A A A A A A A H A H A A H H H B A H H H H A A H H H H H H H H H H H H A H H H H A B H - - - - - - - - - - - - - - - - - - - - - - - -
3 08G19(AP3)-BfaI H A H B A H H A A H H A A H H B H A A A A H H A A A A H H A A A A H H A H A H H H H A A H H A A H H A A A A A A H H A A H A A A A B H H A A A H - - - - - - - - - - - - - - - - - - - - - - - -
4 10B08-Bcl1 H B B A A H H B H H H H H H H A A H A - H H - A H B A H A B B B H H - B - A B A A A A A H H A H A H A H A H H A H A B A H H H A H B A H H A H H - - - - - - - - - - - - - - - - - - - - - - - -
5 13I24-RGA A A H A A H H H A A A A H H H A A H H A A A A A H H H H A A A B B A A A A A H B H B A H A H H A A H A H A H A A H H H H A A A A H H H A A A A B - - - - - - - - - - - - - - - - - - - - - - - -
6 14K06(ADH-KOW) A A - A B A A A B A A - A A - H A - - - - - - - A H - B - A - - H - - - - - - - - - - B H A H H A H B A H B H - H H - H A - H H H B H - - A H H - - - - - - - - - - - - - - - - - - - - - - - -
7 17O22 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H H A H A H A H A H H A H A H H H H H H A H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A H B A
8 19H07-DraI A H H A A B H H H H A H H H B H H B H H A B H A H H H H B H A H H H A H A H H B H B A A H B H A A B H H A B A H H H H B A B A H B H H H A A H B - - - - - - - - - - - - - - - - - - - - - - - -
9 19M24(RGA-Sub) A A H A A A H H A A A H H A H A A B H B A A A A H H H B A A A B B A H H H A A H H B A B H H H A H H A H A B A B H H A H A B A A H H H A A A H H - - - - - - - - - - - - - - - - - - - - - - - -
10 24H03-DdeI(KO) A B A A A H H A A H A H B A H A A A B - B H - B H H A A H A A H H A - A - A A A A B A A H H H H H B H H B H H A H H H H H A B H H H B H H H B H - - - - - - - - - - - - - - - - - - - - - - - -
11 2H12-SSR H A H H A H A A A H B H H H H B H H A A A H H H A A A H H A A - A H H A H H H H H H A A H H A A H H H A A A H A H H H H A A A A A A H A A H - A A A A A A - - A - A - A - H - A A - - A H - A A
12 32L07-ClaI(RGA) A A H A A A H H A A A H H A H A A B H H A A A A H H H B A A A B B A A H A H A H H B A B H H H A H H A H A B A H H H A H A H A A H H H A A A H H - - - - - - - - - - - - - - - - - - - - - - - -
13 34E24 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H H A H A H A H A H H A H A H H H H H H A H B B B H A H H H A H H B B H A A H B A H H H H A B A B A H H B A A H B H A H A H A A A H B A
14 40M11-RSAI A A A A A H - A H H A A A A H H A H A - H A - H - H - H H H H H B A - H - A H H A H B A H A A A - A B A H A A A B H B H H H H H H H H B A A B H - - - - - - - - - - - - - - - - - - - - - - - -
15 40M11-Sau3AI A A A A A H A A H H A A A A H H A H B H H A H H A H B H H H H H A B H H B B H H A - B A H A A A A A A B H A B A B H H H H H H A A A A H - A B H - - - - - - - - - - - - - - - - - - - - - - - -
16 41O22 H B B A A H B B A H H A H H H A A H B - H H - A H B A A A B B B H H H B A A H A - A A A H A A H A H A A A H H A - - B A H H H A A B H H H H H H - - - - - - - - - - - - - - - - - - - - - - - -
17 48I08-RsaI_RPS13-Chi A H H A A B H H H H A H H H B H H B H - A B - A H H H H B H A H H H - H - H H B H B A A H B H A A B H H A B A H H H H B A B A B B H H H A A H B -  - - - - - - - - - - - - - - - - - - - - - -
18 49M15(Hat-Hydro) H H A A H H H H H H B H B A H A B H A - A H - A B A H B A H A H A H - B - H H A H A - A A B A H A - B H A H A - A A - H H - H B B A A - A A B B - - - - - - - - - - - - - - - - - - - - - - - -
19 51F10(PhyAN)-TaqI H A H H A H H A A H H H H H H B H H A H A H A H A A A H H A A A A H A A A H H H H H H A H H A A H H A A A A H A H H H H A A A A H H A A A H A A - - - - - - - - - - - - - - - - - - - - - - - -
20 52B01(CO)-Bfa1 H H H B A H A A A B H A A H H B H A A A A B H A A A A H A A A A A H A A H A H H H H A A H H A A A H A H A A A A B H A A H A A A A B B H A A A H - -  - - - - - - - - - - - - - - - - - - - - -
21 52I20-HaeIII(GBSSI) A H H A A B H B H H A H H B B H H B H - A B - A H H H H B H A H H H - H - A H B H B A A H B H A H B A H A B A H H H H B A H A H B H H A A A H B - - - - - - - - - - - - - - - - - - - - - - - -
22 53J04C(COT)-BfaI H B B A A H B B A H H A H H H A A H B H H H A A H B A A A B B B H H H B A A H A A A A A H A A H A H A A A H H A H A B A H - H A A B H A H H H H - - - - - - - - - - - - - - - - - - - - - - - -
23 53O01(F3H) B A H A A H A H A A B H H B A H H H H A A H B H B H A A H H A H A H A H A H H A A A H H H H H H A H B B B H A H H H A H B H B H A A H B A H H H A H B A B A A H B A A A B A A A A A A A A H B A
24 53O08(OCT-DFR) A B A A A A H A A H A A B A H A A A B A B A H H H A A A H A A H A A H A H A A A A B A H B H H H H B H H B H H A H H H H H A B H A A B H H A B H - - - - - - - - - - - - - - - - - - - - - - - -
25 5s-Bo A H H A A B H H H A A H H H B H H B H B A B H A H H H H B H A H H H A H A H H B H B A A H B H A A B H H A B A H H H H B A B A H B H H H A A H B H - - H - H - H - A - B - H H H - B - H H H A -
26 72E18-DraI A H H A A B H H A H A H H H B H A B H B A H H A H H H H H A A H B A A A A A H B H B A A H B H A H B A H A B A H H H H H A H A H B H H A A A H B - - - - - - - - - - - - - - - - - - - - - - - -
27 73I22-AccI(CHSN) A H H H A B H H H A A H H H B H H B H B A B H A H H H H B H A H H H A H A H H B H B A A H B H A A B H H A B A H H H H B A B A H B H H H A A H B - - - - - - - - - - - - - - - - - - - - - - - -
28 75H22(13-14)-RsaI A A H A A A H H A A A H H A H A A B H - A A - A H B H B A A A B B A A A B A A A H B A B H H H A H H A H H B A H H H A H A H A H H H H A A A H A - - - - - - - - - - - - - - - - - - - - - - - -
29 76C08 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H A H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
30 76K13-HincII H A H H H H A H H H A H H H H H A H A A H A H A H A A H H A H H H H H A A H H H H H H H B H H H H H A H H H H H H H H H H H H H H H H H H H B H - - - - - - - - - - - - - - - - - - - - - - - -
31 9K05-AluI A B H H B A H H H H H B H A B A H H A - B H - H H H A B A H B B H A - B - A H A H B H B A A H A A A H H H B H A A B H A H B H A A B A H B H H H - - - - - - - - - - - - - - - - - - - - - - - -
32 ACS7 B A H A A H A H H A B H H B B A H H H H A H B A B H A A A H H A A B H H A B H A A H A H H A A H A H B B B H H H A A A H B H B B H A A B A H H A H H B H H A A A B H H H B A A A A H A A A H H A
33 Adh_SSR A A A H H A A A H A A A A A A H A A A - A A - H A H H H H A H A H A H A H A H A A H B H B A H H A H A A H H H H H H H H A H H B H H H H A A H B A H - A H A H A B H H H H H B A A H A H H A A -
34 ADH-KOW_B D D D D B D D D D D D D D D - D D D - - - D - D D D D B D D D D D D D D - D D D D D D B D D D D D D D D D B D - D D - D D - D D D B D - B D D D - - - - - - - - - - - - - - - - - - - - - - - -
35 ADH-KOW_C A A A C C A A A C A A A A A - C A - - - - - - C A C C C C A C - C - - A - A C A A C C C C A C C A C A A C C C - C C - - A - C C C C C - A A C C - - - - - - - - - - - - - - - - - - - - - - - -
36 Agamous H H B A A H H B H H H H H H H A H H A A H H A A H A H H A B H B A H H B A H H A A A A A A H A H A B A H A H H A A A B A H A H A H B - H A - H H B - - - - - - - - - - - - - - - - - - - - - - -
37 Alu6 B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H B B B A A H B A H H H A A B A B H H H B A A H B H A H H H A A A B B A
38 Alu7 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H A H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
39 Alu8 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
40 Alu9 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H A H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
41 Alu10 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
42 ANS_1A798-1A798 H H A A H B A H H A A H A H H A H A H A H H A A H H A H H H H H A A H A H H H H H H H H H A A H H H B B A H A B A H B A B A B H H H B H A A H H A - A H H H H A H H H H A H A H - H H B B B B H
43 arsfl7 H A H A A H A H A A H H H B A H A H H A A B B - H A H B H A A H H H H A H B H H A A H H H A A H H H A H A H H - H H H H A H A A - H A A B H A A H A - - - - A - - - - H - H - B B B B B B B B H
44 ATPK6 H A H H A H H A A H H H H H H B H H A A - H H H A A A H H A A A A H H A H H H H H H A A H H A A H H A A A A H - H H H H A A A A - H A A A H A A - - - - - - - - - - - - - - - - - - - - - - - -
45 BC194a/b A B H B B A H H H H H B H A B A H H A - B H - H H H A B A H B B H A - B - A H A B B A B A A H A A A H H H B H A A H B A H B H H A B A H B H H H - - - - - - - - - - - - - - - - - - - - - - - -
46 CC2(Sargent) H H H H A H H A A H H H H H H B H A A A A H H A A A A H H A A A A B H A H A H H H H A H H H A H H A A A A H A H H H A A A A A A - H H H A A A A A - - - - - - - - - - - - - - - - - - - - - - -
47 Cry1-Myb B A H A A H A H H A B H H B H A H H H A A H B A B H A A H H H H A B H H A B H A A H A H H A H H A H B B B H H H A A A H B H B H A A H B A H H A H H B H H A A H B A A H B A A A A H A A A H H A
48 EMFN228(Sargent) H A H A A H A A A H H H H H A H A H A A A H H H A A A H H A A A H H H A H H H A H H H A H A A A A H A A A H H A H H H H A A A A H H A A H H A A H - - - - - - - - - - - - - - - - - - - - - - -
49 F3'H_2F1R A A A A H H A A H A A A A A H H A A B H H A H A A H A H H A A H A B H H B B H H A A B A H A A A A A A B H A B B B A H A H A H H A A H H H A A A A A A A - H H B - A B H H H H H A B - H H - - -
50 Fac004d(Sargent) H A H H A A A A A H H H H H H B H H A A H H H H A A H H H A A A A H H A H H H H H H H A H H A A H H A A A A H A H H H H A A A H A H A A A H A A A - - - - - - - - - - - - - - - - - - - - - - -
51 FAC012a(Sargent) H H H B A H A A A B H A A H H B H A A A A B H A A A A H A A A A A H H A - A H H H H A H H H A A A H A A A A A A B B A A H A H A A B B H A A A H A - - - - - - - - - - - - - - - - - - - - - - -
52 FLOWER  C  C  C  C A  C  C A A  C  C  C  C  C  C  C  C A A A A  C  C  C A A A  C  C A A A A  C  C A  C A  C  C  C  C A A  C  C A A  C  C A A A A  C A  C  C A A  C A A A A  C  C  C A A A A  C A A A  C A  C  C A A A A A  C A A A A A A  C  C  C -
53 Fruit_color  C A  C A A  C A  C A A  C  C  C  C A  C  C  C  C A  C  C  C  C  C  C A A  C  C A  C A  C A  C A  C  C A  C  C  C  C  C  C  C  C  C  C  C  C  C  C A  C  C  C A  C  C  C  C  C A A  C  C A  C  C  C  C A  C A  C A  C  C  C A A  C  C  C A  C A  C A A A  C  C A
54 KO-SSR A B A A A H H A A H A H B A H A A A B - B H - B H H A A H A A H H A H A - A A A A B A A H H H H H B H H B H H A H H H H H A B B H H B H H H B H H B - - - - B H - B B H - H B B - - - B A H H -
55 IND19M B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H H B B A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
56 IND20M B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H H B B A A H B A H H H A A B A B A H H B A A H B H A H H H A A A B B A
57 Myb10A B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
58 Myb10B B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
59 PGLM(Sargent) H A H H A H H A A H H H H H H B H H A A A H H - A A A H H A A A A H H A H H H H H H A A H H A A H H A A A A H A H H H H A A A A A H A A A H A A A -  - - - - - - - - - - - - - - - - - - - - A
60 R/r A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C A  C  C  C  C A  C  C A  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C A A A -
61 Rabbitears-like A A H A A B H H A H A H H H B H - B H B A H H - H H H H A A A H B A A A A A H B - H - A - B H - H H - H A B A - H - - H A - A H B H - - A - H - H - - - - - - - - - - - - - - - - - - - - - - -
62 RPL23B A B H H B A B H B H H B H A B A H B A - B H - B H H A B A H B B B A - B - A A B H B H B A A B A A A H H B H B A A A - A B B B A A B A H B H H - - - - - - - - - - - - - - - - - - - - - - - - -
63 Superman_46515 A A A H H A A A H A A A A A A H A A A A A A A H A H H H H A H A H A A A - A H A A H H H B A H H A H A A H H H - H H H H A H H H A H H H A A H B A - - - - - - - - - - - - - - - - - - - - - - -
64 Superman53873 H H H H A H H A A H H H H H H B H A A A H H H H A A A H H A A A A B H A H A H H H H A H H A A H H A A A A H A H H A A H A A A A H H A - A A A A -  -  - - - - - - - - - - - - - - - - - - - -
65 Superman7266 H H H A A H H H H A H H H H H A H H A A H H A - B A H H A H A H A H H H - H H A H A H A A H A H A B A H A H A - A A B H H - A A - H A H A - - - - - - - - - - - - - - - - - - - - - - - - - - -








Table C-2 YPF2A mapping population and markers for validation mapping of LG1. 
Population consists of 83 individuals, with eight markers. Key: A = homozygous for ‘Yellow Wonder’ alleles (or cc), B = homozygous for 








Table C-3Linkage mapping primers. 
Listed are marker and primer sequences with details pertinent to their preparation. Marker types used in fine mapping are listed for LG1. 
Illumina GEX PCR Primer 1 linkers added to Myb10 primers are in red. *- Information not available. ** Markers excluded due to excessive 
missing genotypes. *** Marker did not map. Sources of primers not designed by the author: 1 Qian Zhang; 2 Ben Orcheski (Orcheski and 
Davis 2010); 3 Yilong Yang; 4 Dan Sargent; 5 Bo Liu; 6 Robin Brese (Brese and Davis, 2006); 7 Thomas Davis; 8 Lise Mahoney. 
 
 
Forward (5'-3') Reverse (5′-3′)
1 1 Gene Pair 01H23 CDPKBHLH F,R GATATTGACAAAGACGGGAAGAT CAGATAGGCCAAAGAATGACAA 59 2.2 k Rsa I  1
2 1 17O22 17O22 F,R AAAATGGGTTGCACGAGTTC GGGTTTCCTCACAAACTTCG 60 1.5 k Dde I 1
3 1 76C08 76C08(RAN)  F1, R2 CTCCGGTATTAAAGAAGGTCAAGA GTGCAGCGAAGCCAGGAT 53 2.1 k Taq I  1
4 1 ACS7 ACS-7 F,R TCACCCCTCCGTCCATTCT GCACATATTCGGGGCTCAAG 52 1.5 k Kpn I  2
5 1 Cry1-Myb Cry1-Myb F,R CGGCGATCAGGAAGGTCATAACG GAGAGCAGTCCACGCACCTTTGT 54.2 7.1 k Msc I 
6 1 34E24 34E24(RGA-SRO)  F1,R1 GCGCCTGCAGTACCTTCAATAG  ATAATCATCGGTGGCAATCTGGA  55 1.6 k Direct 1
7 1 53O01 53O01 (Pro-F3h) F,R AAGAAGTCCGGTCGGCGAGTTCCCA CCAGTCCTCGCAGGCCTCAACAA 57.1 6.0 k Direct
8 1 SNP AluI 6 LG1 AluI 6 F,R CTAGCGTAATCGGCTCCAAG GATGTGCATCTCCAAACCCT 58 1.1 k Alu I  3
9 1 Alu7 LG1 Alu7 F,R AACATGTTTGTGGTGACCGA TCTTTGCCAGGACTTCGATT 56 495 Alu I  3
10 1 Alu8 LG1 Alu8 F,R TTATTTCATGTCGTGCAGCC GTTTTCCACTGCCATCACCT 56 310 Alu I  3
11 1 Alu9 LG1 Alu9 F,R GTTTCAGTTGCTGGTGGGAT TTTTTGGTTACTTTTTGCACTTG 58 584 Alu I  3
12 1 Alu10 LG1 Alu10 F,R GTCGGAGAAATGCTCATGGT GGGGGATTGAAATTGCCTAT 56 604 Alu I  3
13 1 Indel Ind19M LG1 19Mb ID F,R TGATTGACCAACTCAGCCAG TTTCGTCGTCGACCTACATT 50.8 474 Direct 3
14 1 Ind20M LG1 20Mb ID F,R AAGGGTGTGATACTTTTGGC AAAGAAGCTGCGGTACTCTATT 50.8 399 Direct 3
15 1 Tagged Myb10A LG1 Myb10 YW F, YP R AAGAAAAAACATAAACTTC ATAGGTGGTGATGTTGA 50.7 183 Direct




16 1 Myb10B LG1 Myb10 I YP F, YW R ATGTAACTGATTGGTGGAAAGAT CTTAAAGAAGTCATACGTAGGAGAT 57.9 180 Direct
LG1 Myb10 I YP F, Paw R2 ATGTAACTGATTGGTGGAAAGAT CAAGCAGAAGACGGCATACGACTTAAAGA
AGTCATACGTAGGAGTA
57.9 207 Direct
17 2 01I13(Hy5) 01I13GENE4-5-F1,R1 CATATCAACCGTCTGCTCCTACTA GCTCGTGGCTTGGTCTTG 55 3.8 k Hind III 1
18 2 24H03(KO) KO-Dof-F,R CCGGTTCCCTCCAGGCAATGTT GAGGACGCGGGCGGTGGATA 60 1.7 k Dde I 1
19 2 53O08(DFR) OCT-DFR-F,R GCGCCTTCACTTCCACTGCTCTAT AGGGCCGCTACATCTGTTCATCAC 56 2.15 k Rsa I 1
20 2 76K13(Pist) 76K13 Gene1-2-F,R AGACCTATCCGCCGCACTCGT CCATGGCCAGCAGATACCTTTTG 55 3.7 k Hinc II 1
21 2 ADH_SSR ADHSSRF/R TGCTCAGGATAAACACAGACAG TTTTSSAACATTAAGAGTAGC * * * 7
22 2 KO_SSR * * * * * * *
23 2 Superman_46515 (FRASUP1)
2 GCAGCACCAAAAGTAGGATATG GTGATTTCACTTTGCCCTG * 552 * 2
24 3 10B08(Leafy) GGGCCAACTACATCAACAAGC TGTTCTGTTGGGTGGACATGA 63 3.8 k Bcl I 1
25 3 41O22 41O22-5(1)-6(5)F,R CAGAGAAGGGGAAGGCACTAAATC TAAAGAAGGCCCGAGAAGACGA 56 2 Direct 1
26 3 49M15(Hat-Hydro) HAT-Hydro-F2,R2 CCCACGTCTATTCTCACTCACAC   CTCGACCCATCAAACTTAGAAAT 55 1.15 k Direct 1
27 3 53J04C(COT)-Bfa1 53J04-2(1)-3(1)F,R GCGCCATTGTTCCTGTTAGTGTTG GGAGGCCTTGGCTTTGGAGAA 56 1.6 k Bfa I 1
28 3 Agamous(Ben) * TGAAAACAAACCAAACACTGACCT TTCTTGTATCGTTCAATCGT * 3.225 Msp I 2
29 3 Superman_7266(Ben) (FRASUP2)
2 AGGCTGATCAAGATTGGACGAGTA TCTGCGCATGCCTTTGGT T * 1.69 k BsrI 2
30 4 9K05 9K05F/R GAACCTTTACATCATCTCCGTAA TTAGCAGCACTGGCAATCCT 55.6 2.0 k Alu I 6
31 4 bc194a/b BC194a/bF/bR AGGACGTGCCACCAATCCTAGT AGGACGTGCCCATATATACGTTG * * * 7
32 4 RPL23B 9K05F/R GAACCTTTACATCATCTCCGTAA TTAGCAGCACTGGCAATCCT 55.6 2.0 k Alu I 6
33 4 Superman-like1(Ben) (FARSUP3)
2

























Forward (5'-3') Reverse (5′-3′)
34 5 40M11(Random) 40M11Fd,Rd                    CAACATTTTGGTGGCCTTCT CGGCCTATGAAACCACAGTT 60 4.0 k Rsa I 1
35 5 40M11Sau3AI 40M11Fd,Rd                    CAACATTTTGGTGGCCTTCT CGGCCTATGAAACCACAGTT * * Sau 3AI 1
36 5 F3ʹH_2F1R LM2F/1R TGG ATG ACC TTA AAC ACG TCC CTA CCA TCA CTC GCC CTA GG 60 835 Direct 8
37 6 08G19(AP3)-BfaI 08G19-4(1)-5(1)F,R AAGCAAAGCAACCAATAAGACACA AGTAGCCACAGAAAGCAACCATAA 54.4 3.4 k Bfa I 1
38 6 2H12_SSR SSR-2H12-F/R CCTGCATATCTTCTGCAACAAC AAGCAGCACCACCTTCAGTAGT * * * 1
39 6 51F10(PHYAN) PHYANPF,R TAGTAACAGGGCCATCTTCTCGTAAA  AACACTCGGGACAGCATGACTAACCA   55.2 3.45 k Taq I 1
40 6 52B01 CO BfaI 52B01-3(1)-4(1)F,R GCTGCGGGAAAACTCGGTGATGA TGGATGGCAGCAAGAGCGTGTGA 60 Bfa I 1
41 6 ARSFL7(Ben) 35865F/R CGCAAGACCTGCTGAAT GCGTATACAGTACTACTGGTG 58 1.547 Hae III 2
42 6 ATPK6(Ben) ATPK6 F2/R2 CTATATGTGCTCCCAGAGG GACATCAAACATCATTGCCC * * * 2
43 6 cc2(Sargent) cc2 F/R map TTTCGGCTCTTCTCAACTCTCAG GTCGTCCCTCAGCACCTCACTTAT * 416 Hinf I 4
44 6 EMFN228(Sargent) emfn228 F/R map AGTGCAGGGCGTCTTCTTTGGTAT CATTGGGTGGGCTATCCTA * 1.746 k Taq Ia 4
45 6 FAC-004d(Sargent)  FAC-004dF T8/dR TAATACGACTCACTATAGGGGCCAATGTT
CGATGTTTCACTA
 TCCTTGGGTCGATCACATAAAT 58.3 1.885 k Dra III 4
46 6 fac012a(Sargent) fac012a F/R map GGTGGTGGCGGCAGCAGTAGG GTTTCGCGGTCGTCATCATTCGTC 1.635 k AFLP 4
47 6 pglm(Sargent) pglm F/R map GCCGTTGATTTTATTGCGATTAGT GTGAAAAAGGGAGGCGGTGTTA 1.709 k Ban I 4
48 6 Superman53873 (FRASUP5)
2 GGTGACCGTCCTAAGGTAAT CTACTACAGGTGGTGAGGG * 1.5 k Msp I 2
49 7 13I24-RGA 13I24G2-3 F,R            CCTCCGCTGCAGCATTTTAGTAT AAGCAGGCGGAGGAGTGGA 54.3 2.34 k Direct 1
50 7 19H07(SOC) 19H07gene4-5-F,R GCTGCCGACACCAACTTCAT TCATCGGGACAAAATCAATCA 53 2.2 k Dra I 1
51 7 19M24(RGA-SUB) 19M24F,R TGAGTAGTTCCGAAATGTTGTTGC  GTTGAGCCGCGGATACTGA 57 900 Direct 1
52 7 32L07(RGA2) GAGTTGAAAAACGGGTCGAA AGGAAAATGCGGGAGAAAGT 60 3.0 k Cla I 1
53 7 48I08(RPS13-PHOS) RPS13-PHOSPHO-F,R GTTTGCCAAGAAGGG ACTGAC AC AGAGGCTGAACCGCTGCTTAT 56 5.0 k Rsa I 1
54 7 52I20(GBSSI) 51I20gene5-6-F2R1 CTCAGCCACGACAGCCTCCACAGC CCCAACCTCCGCACCCAGAAACAC 60 2.3 k Hae III 1
55 7 5s-Bo 25SF/R ACGGACCAAGGAGTCTGACATG CGCTTTCACGGTTCGTATTCG * * * 5
56 7 72E18(Random) * GCTAGGGAAAACAGCTCGTG TGGGTTTGGTTTTGGGATAA 60 3.0 k Dra I 1
57 7 73I22(CHSN) GPCHS-2F,2R CAAGCCTGAGAAGTTAGAAGC GAAAGTAGTAGTCGGGGTATGT 58 3.0 k Acc I 1
58 7 75H22(PK-Timeless) PKT3F,R CTAACCAGAGCAACACAAAATCCAGT CTCAACCGGCATAGTAAGAAACACCA 58 2.2 k Rsa I 1
59 7 Rabbitears-like(Ben) (FRASUP4)
2 GACAGTTGCTTATATGGGACC CTAAGACTGAAACGAAAAGTGTTGG * 2.01 k Taq Ia 2
60 ** 14K06(ADH-KOW) ADHKOWF,R GAAACTACAAGCCACGAACTGACA CCACCGGCAAGCTGATAGGAG 54 1,0 k Dra I 1
61 ** ADH KOW_B * * * * * * *
















Marker Name Primer Name







Table C-4YPF2 mapping population for low density map. 
Genotypes for 72 individuals with 66 markers subjected to mapping. Key: A = ‘Yellow Wonder’ allele, B = ‘Pawtuckaway’ allele, H = 
Heterozygous alleles, - = missing data. Markers numbered 6, 34 and 35 were excluded due to excessive missing data. 
 
 
Marker names 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36 38
1 01H23 B A H A A H A H A A B H H B A H H H H A A H B H B H A A H H A H A H A
2 01I13-HindIII A A A H H A A A A A A A A A A H A A A A A A A A A A A A A A A A A A A
3 08G19(AP3)-BfaI H A H B A H H A A H H A A H H B H A A A A H H A A A A H H A A A A H H
4 10B08-Bcl1 H B B A A H H B H H H H H H H A A H A - H H - A H B A H A B B B H H -
5 13I24-RGA A A H A A H H H A A A A H H H A A H H A A A A A H H H H A A A B B A A
6 14K06(ADH-KOW) A A - A B A A A B A A - A A - H A - - - - - - - A H - B - A - - H - -
7 17O22 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H H A H A H A
8 19H07-DraI A H H A A B H H H H A H H H B H H B H H A B H A H H H H B H A H H H A
9 19M24(RGA-Sub) A A H A A A H H A A A H H A H A A B H B A A A A H H H B A A A B B A H
10 24H03-DdeI(KO) A B A A A H H A A H A H B A H A A A B - B H - B H H A A H A A H H A -
11 2H12-SSR H A H H A H A A A H B H H H H B H H A A A H H H A A A H H A A - A H H
12 32L07-ClaI(RGA) A A H A A A H H A A A H H A H A A B H H A A A A H H H B A A A B B A A
13 34E24 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H H A H A H A
14 40M11-RSAI A A A A A H - A H H A A A A H H A H A - H A - H - H - H H H H H B A -
15 40M11-Sau3AI A A A A A H A A H H A A A A H H A H B H H A H H A H B H H H H H A B H
16 41O22 H B B A A H B B A H H A H H H A A H B - H H - A H B A A A B B B H H H
17 48I08-RsaI_RPS13-Chi A H H A A B H H H H A H H H B H H B H - A B - A H H H H B H A H H H -
18 49M15(Hat-Hydro) H H A A H H H H H H B H B A H A B H A - A H - A B A H B A H A H A H -
19 51F10(PhyAN)-TaqI H A H H A H H A A H H H H H H B H H A H A H A H A A A H H A A A A H A
20 52B01(CO)-Bfa1 H H H B A H A A A B H A A H H B H A A A A B H A A A A H A A A A A H A
21 52I20-HaeIII(GBSSI) A H H A A B H B H H A H H B B H H B H - A B - A H H H H B H A H H H -
22 53J04C(COT)-BfaI H B B A A H B B A H H A H H H A A H B H H H A A H B A A A B B B H H H
23 53O01(F3H) B A H A A H A H A A B H H B A H H H H A A H B H B H A A H H A H A H A
24 53O08(OCT-DFR) A B A A A A H A A H A A B A H A A A B A B A H H H A A A H A A H A A H
25 5s-Bo A H H A A B H H H A A H H H B H H B H B A B H A H H H H B H A H H H A
26 72E18-DraI A H H A A B H H A H A H H H B H A B H B A H H A H H H H H A A H B A A
27 73I22-AccI(CHSN) A H H H A B H H H A A H H H B H H B H B A B H A H H H H B H A H H H A
28 75H22(13-14)-RsaI A A H A A A H H A A A H H A H A A B H - A A - A H B H B A A A B B A A
29 76C08 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
30 76K13-HincII H A H H H H A H H H A H H H H H A H A A H A H A H A A H H A H H H H H











Marker names 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36 38
32 ACS7 B A H A A H A H H A B H H B B A H H H H A H B A B H A A A H H A A B H
33 Adh_SSR A A A H H A A A H A A A A A A H A A A - A A - H A H H H H A H A H A H
34 ADH-KOW_B D D D D B D D D D D D D D D - D D D - - - D - D D D D B D D D D D D D
35 ADH-KOW_C A A A C C A A A C A A A A A - C A - - - - - - C A C C C C A C - C - -
36 Agamous H H B A A H H B H H H H H H H A H H A A H H A A H A H H A B H B A H H
37 Alu6 B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
38 Alu7 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
39 Alu8 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
40 Alu9 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
41 Alu10 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
42 ANS_1A798-1A798 H H A A H B A H H A A H A H H A H A H A H H A A H H A H H H H H A A H
43 arsfl7 H A H A A H A H A A H H H B A H A H H A A B B - H A H B H A A H H H H
44 ATPK6 H A H H A H H A A H H H H H H B H H A A - H H H A A A H H A A A A H H
45 BC194a/b A B H B B A H H H H H B H A B A H H A - B H - H H H A B A H B B H A -
46 CC2(Sargent) H H H H A H H A A H H H H H H B H A A A A H H A A A A H H A A A A B H
47 Cry1-Myb B A H A A H A H H A B H H B H A H H H A A H B A B H A A H H H H A B H
48 EMFN228(Sargent) H A H A A H A A A H H H H H A H A H A A A H H H A A A H H A A A H H H
49 F3'H_2F1R A A A A H H A A H A A A A A H H A A B H H A H A A H A H H A A H A B H
50 Fac004d(Sargent) H A H H A A A A A H H H H H H B H H A A H H H H A A H H H A A A A H H
51 FAC012a(Sargent) H H H B A H A A A B H A A H H B H A A A A B H A A A A H A A A A A H H
52 FLOWER  C  C  C  C A  C  C A A  C  C  C  C  C  C  C  C A A A A  C  C  C A A A  C  C A A A A  C  C
53 Fruit_color  C A  C A A  C A  C A A  C  C  C  C A  C  C  C  C A  C  C  C  C  C  C A A  C  C A  C A  C A
54 KO-SSR A B A A A H H A A H A H B A H A A A B - B H - B H H A A H A A H H A H
55 Ind19M B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
56 Ind20M B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
57 Myb10A B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
58 Myb10B B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A
59 PGLM(Sargent) H A H H A H H A A H H H H H H B H H A A A H H - A A A H H A A A A H H
60 R/r A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
61 Rabbitears-like A A H A A B H H A H A H H H B H - B H B A H H - H H H H A A A H B A A
62 RPL23B A B H H B A B H B H H B H A B A H B A - B H - B H H A B A H B B B A -
63 Superman_46515 A A A H H A A A H A A A A A A H A A A A A A A H A H H H H A H A H A A
64 Superman53873 H H H H A H H A A H H H H H H B H A A A H H H H A A A H H A A A A B H
65 Superman7266 H H H A A H H H H A H H H H H A H H A A H H A - B A H H A H A H A H H













Marker names 39 40 41 42 43 44 45 46 48 49 50 52 53 54 55 56 57 58 59 60 62 63 64 65 66 68 69 70 71 72 73 74 75 76 77 78 79
1 01H23 H A H H A A A H H H H H H A H B B B H A H H H A H B H B H A A H B A H H H
2 01I13-HindIII A H A H A A H H H B A H H H H A A H H H H H H H H H H H H A H H H H A B H
3 08G19(AP3)-BfaI A H A H H H H A A H H A A H H A A A A A A H H A A H A A A A B H H A A A H
4 10B08-Bcl1 B - A B A A A A A H H A H A H A H A H H A H A B A H H H A H B A H H A H H
5 13I24-RGA A A A H B H B A H A H H A A H A H A H A A H H H H A A A A H H H A A A A B
6 14K06(ADH-KOW) - - - - - - - - B H A H H A H B A H B H - H H - H A - H H H B H - - A H H
7 17O22 H A H H A H A H H H H H H A H B B B H A H H H A H H B B H A A H B A H H H
8 19H07-DraI H A H H B H B A A H B H A A B H H A B A H H H H B A B A H B H H H A A H B
9 19M24(RGA-Sub) H H A A H H B A B H H H A H H A H A B A B H H A H A B A A H H H A A A H H
10 24H03-DdeI(KO) A - A A A A B A A H H H H H B H H B H H A H H H H H A B H H H B H H H B H
11 2H12-SSR A H H H H H H A A H H A A H H H A A A H A H H H H A A A A A A H A A H - A
12 32L07-ClaI(RGA) H A H A H H B A B H H H A H H A H A B A H H H A H A H A A H H H A A A H H
13 34E24 H A H H A H A H H H H H H A H B B B H A H H H A H H B B H A A H B A H H H
14 40M11-RSAI H - A H H A H B A H A A A - A B A H A A A B H B H H H H H H H H B A A B H
15 40M11-Sau3AI H B B H H A - B A H A A A A A A B H A B A B H H H H H H A A A A H - A B H
16 41O22 B A A H A - A A A H A A H A H A A A H H A - - B A H H H A A B H H H H H H
17 48I08-RsaI_RPS13-Chi H - H H B H B A A H B H A A B H H A B A H H H H B A B A B B H H H A A H B
18 49M15(Hat-Hydro) B - H H A H A - A A B A H A - B H A H A - A A - H H - H B B A A - A A B B
19 51F10(PhyAN)-TaqI A A H H H H H H A H H A A H H A A A A H A H H H H A A A A H H A A A H A A
20 52B01(CO)-Bfa1 A H A H H H H A A H H A A A H A H A A A A B H A A H A A A A B B H A A A H
21 52I20-HaeIII(GBSSI) H - A H B H B A A H B H A H B A H A B A H H H H B A H A H B H H A A A H B
22 53J04C(COT)-BfaI B A A H A A A A A H A A H A H A A A H H A H A B A H - H A A B H A H H H H
23 53O01(F3H) H A H H A A A H H H H H H A H B B B H A H H H A H B H B H A A H B A H H H
24 53O08(OCT-DFR) A H A A A A B A H B H H H H B H H B H H A H H H H H A B H A A B H H A B H
25 5s-Bo H A H H B H B A A H B H A A B H H A B A H H H H B A B A H B H H H A A H B
26 72E18-DraI A A A H B H B A A H B H A H B A H A B A H H H H H A H A H B H H A A A H B
27 73I22-AccI(CHSN) H A H H B H B A A H B H A A B H H A B A H H H H B A B A H B H H H A A H B
28 75H22(13-14)-RsaI A B A A A H B A B H H H A H H A H H B A H H H A H A H A H H H H A A A H A
29 76C08 H A H H A H A H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
30 76K13-HincII A A H H H H H H H B H H H H H A H H H H H H H H H H H H H H H H H H H B H












Marker names 39 40 41 42 43 44 45 46 48 49 50 52 53 54 55 56 57 58 59 60 62 63 64 65 66 68 69 70 71 72 73 74 75 76 77 78 79
32 ACS7 H A B H A A H A H H A A H A H B B B H H H A A A H B H B B H A A B A H H A
33 Adh_SSR A H A H A A H B H B A H H A H A A H H H H H H H H A H H B H H H H A A H B
34 ADH-KOW_B D - D D D D D D B D D D D D D D D D B D - D D - D D - D D D B D - B D D D
35 ADH-KOW_C A - A C A A C C C C A C C A C A A C C C - C C - - A - C C C C C - A A C C
36 Agamous B A H H A A A A A A H A H A B A H A H H A A A B A H A H A H B - H A - H H
37 Alu6 H A H H A H H H H H H H H H H B B B H A H H H A H H B B B A A H B A H H H
38 Alu7 H A H H A H A H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
39 Alu8 H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
40 Alu9 H A H H A H A H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
41 Alu10 H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
42 ANS_1A798-1A798 A H H H H H H H H H A A H H H B B A H A B A H B A B A B H H H B H A A H H
43 arsfl7 A H B H H A A H H H A A H H H A H A H H - H H H H A H A A - H A A B H A A
44 ATPK6 A H H H H H H A A H H A A H H A A A A H - H H H H A A A A - H A A A H A A
45 BC194a/b B - A H A B B A B A A H A A A H H H B H A A H B A H B H H A B A H B H H H
46 CC2(Sargent) A H A H H H H A H H H A H H A A A A H A H H H A A A A A A - H H H A A A A
47 Cry1-Myb H A B H A A H A H H A H H A H B B B H H H A A A H B H B H A A H B A H H A
48 EMFN228(Sargent) A H H H A H H H A H A A A A H A A A H H A H H H H A A A A H H A A H H A A
49 F3'H_2F1R H B B H H A A B A H A A A A A A B H A B B B A H A H A H H A A H H H A A A
50 Fac004d(Sargent) A H H H H H H H A H H A A H H A A A A H A H H H H A A A H A H A A A H A A
51 FAC012a(Sargent) A - A H H H H A H H H A A A H A A A A A A B B A A H A H A A B B H A A A H
52 FLOWER A  C A  C  C  C  C A A  C  C A A  C  C A A A A  C A  C  C A A  C A A A A  C  C  C A A A A
53 Fruit_color  C A  C  C A  C  C  C  C  C  C  C  C  C  C  C  C  C  C A  C  C  C A  C  C  C  C  C A A  C  C A  C  C  C
54 KO-SSR A - A A A A B A A H H H H H B H H B H H A H H H H H A B B H H B H H H B H
55 Ind19M H A H H A H H H H H H H H H H B B B H A H H H A H H H B B A A H B A H H H
56 Ind20M H A H H A H H H H H H H H H H B B B H A H H H A H H H B B A A H B A H H H
57 Myb10A H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
58 Myb10B H A H H A H H H H H H H H H H B B B H A H H H A H H B B H A A H B A H H H
59 PGLM(Sargent) A H H H H H H A A H H A A H H A A A A H A H H H H A A A A A H A A A H A A
60 R/r A A A A A A  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C  C A  C  C  C  C A  C  C
61 Rabbitears-like A A A H B - H - A - B H - H H - H A B A - H - - H A - A H B H - - A - H -
62 RPL23B B - A A B H B H B A A B A A A H H B H B A A A - A B B B A A B A H B H H -
63 Superman_46515 A - A H A A H H H B A H H A H A A H H H - H H H H A H H H A H H H A A H B
64 Superman53873 A H A H H H H A H H A A H H A A A A H A H H A A H A A A A H H A - A A A A
65 Superman7266 H - H H A H A H A A H A H A B A H A H A - A A B H H - A A - H A H A - - -








Table C-5 YPF2 mapping population for fine mapping of color locus region on LG1. 
Map used 94 individuals (YP45 and YP80 excluded) and 17 markers. Key: A = ‘Yellow Wonder’ allele, B = ‘Pawtuckaway’ allele, H = 





Sort Marker 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36 38 39 40 41 42 43 44 45 46 48 49 50 52 53 54
1 Alu6 B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
2 Ind20M B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
3 Ind19Mb B A A A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
4 Fruit_color C A C A A C A C A A C C C C A C C C C A C C C C C C A A C C A C A C A C A C C A C C C C C C C C C
5 Myb10A B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
6 Myb10B B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
7 Alu10 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
8 Alu9 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H A H H H H H H H
9 Alu8 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H H H H H H H H H
10 Alu7 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H A H H H H H H H
11 76C08 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H B A H A H A H A H H A H A H H H H H H H
12 17O22 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H H A H A H A H A H H A H A H H H H H H A
13 3.40E+25 B A H A A H A H A A B H H B A H H H H A H H B H B H A A H H A H A H A H A H H A H A H H H H H H A
14 53O01 F3H B A H A A H A H A A B H H B A H H H H A A H B H B H A A H H A H A H A H A H H A A A H H H H H H A
15 01H23 B A H A A H A H A A B H H B A H H H H A A H B H B H A A H H A H A H A H A H H A A A H H H H H H A
16 Cry1-Myb B A H A A H A H H A B H H B H A H H H A A H B A B H A A H H H H A B H H A B H A A H A H H A H H A
17 ACS7 B A H A A H A H H A B H H B B A H H H H A H B A B H A A A H H A A B H H A B H A A H A H H A A H A
YPF2 Individuals
Sort Marker 54 55 56 57 58 59 60 62 63 64 65 66 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 85 86 87 88 89 91 92 96 97 98 100 101 102 103 104 105 106 111 112 114
1 Alu6 H H B B B H A H H H A H H B B B A A H B A H H H A A B A B H H H B A A H B H A H H H A A A B B A
2 Ind20M H H B B B H A H H H A H H H B B A A H B A H H H A A B A B A H H B A A H B H A H H H A A A B B A
3 Ind19Mb H H B B B H A H H H A H H H B B A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
4 Fruit_color C C C C C C A C C C A C C C C C A A C C A C C C C A C A C A C C C A A C C C A C A C A A A C C A
5 Myb10A H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
6 Myb10B H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
7 Alu10 H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
8 Alu9 H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
9 Alu8 H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
10 Alu7 H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
11 76C08 H H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A B B A
12 17O22 A H B B B H A H H H A H H B B H A A H B A H H H A A B A B A H H B A A H B H A H A H A A A H B A
13 3.40E+25 A H B B B H A H H H A H H B B H A A H B A H H H H A B A B A H H B A A H B H A H A H A A A H B A
14 53O01 F3H A H B B B H A H H H A H B H B H A A H B A H H H A H B A B A A H B A A A B A A A A A A A A H B A
15 01H23 A H B B B H A H H H A H B H B H A A H B A H H H A H B A B A A H B A A H B A A A A A A A A H B A
16 Cry1-Myb A H B B B H H H A A A H B H B H A A H B A H H A H H B H H A A H B A A H B A A A A H A A A H H A


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table C-13F3H neighborhood (F3Hn) complete sequence, 75,065 bp. 
Overlap between f01H23 and f53O01 is in bolded text. The first 746 bp (italics) do not align to the same 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table C-14 F. vesca RAN sequence. 
Length 3,178 bp, FvH4 v1.1 mrna32494.1, FvH4 physical position PC5 1,624,881-1,628,068 bp.  The 
sequence presented compares F. vesca ssp. americana ‘Pawtuckaway’ (FvaP) sequence to F. vesca 
ssp. vesca 'Hawaii' (FvH4), with SNPs shown in brackets, in the order (FvH4/FvaP). Bolded brackets with 

























































Table C-15 F. vescaRT1B sequence. 
Length 1,875 bp, FvH4 v1.1 mrna20725.1, FvH4 physical position PC1 17,303,938-17,305,752 bp.  The 
sequence presented compares F. vesca ssp. americana ‘Pawtuckaway’ (FvaP) sequence to F. vesca 






































Table C-16 F. vesca GST sequence. 
Length 1,732 bp, FvH4 v1.1 gene 31672.1, FvH4 physical position PC1 10,137,536-10,139,269 bp.  The 
sequence presented compares F. vesca ssp. americana ‘Pawtuckaway’ (FvaP) sequence to F. vesca 
ssp. vesca 'Hawaii' (FvH4), with SNPs and indels shown in brackets, in the order (FvH4/FvaP). Brackets 





































Table C-17 F. vescaMyb10A sequence. 
Length approximately1,700+ bp., FvH4 v1.1 gene 31407.1, FvH4 physical position PC1 14,027,705-
14,029,774 bp.  This incomplete sequence does not allow for adequate comparison of F. vesca ssp. 
americana ‘Pawtuckaway’ (FvaP) sequence to F. vesca ssp. vesca 'Hawaii' (FvH4).There are no apparent 
SNPs or indels in the 14,027,705-14,028,707 range. SNPs in the 14,029,095-14,029,772 range are 







































Table C-18 F. vescaMyb10B sequence. 
Length 1,717 bp. FvH4 v1.1 gene 31413.1, FvH4 physical position PC1 14,059,840-14,061,556 bp. The 
sequence presented compares F. vesca ssp. americana ‘Pawtuckaway’ (FvaP) sequence to F. vesca 
ssp. vesca 'Hawaii' (FvH4), with SNPs and indels shown in brackets, in the order (FvH4/FvaP). Bolded 
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Table D-1Genotyping data for F. vesca YPF2 map. 
The F. vesca map includes binned SNP array markers for 50 YPF2 individuals. Binned markers are ordered by linkage group, with bin locus 
and map position (cM). Each bin consists of markers that co-segregate without recombination. Bin names are followed by ‘-‘ with the number 
of markers in that bin. Key: A = ‘Yellow Wonder’ allele, B = ‘Pawtuckaway’ allele, H = heterozygous alleles, ‘-‘ = missing genotype data. 
 
Sort LG Locus cM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
1 1 B096-19 0.0 b a a a h a a h h h h h h b h a a h b h a a h h a h h h h b b h h h h h h a a h b a b h h b h h h a
2 1 B020-13 1.0 b a h a h a a h h h h h h b h a a h b h a a h h a h h h h b b h h h h h h a a h b a b h h b h h h a
3 1 B060-02 2.0 b a h a h a a h h h h h h b h a a h b h a a h h a h a h h b b h h h h h h a a h b a b h h b h h h a
4 1 B055-13 3.0 b a h a h a a h h h h h h b h a a h h h a a h h a h a h h b b h h h h h h a a h b a b h h b h h h a
5 1 B135-05 6.1 b a h a h a a h h h h a h b h a a h h h a a h h a a a h h b b h h h h h h a a h b a b h h b h h a a
6 1 B112-03 9.3 b a h a h a a h h h h a h b h a a h h h a a h h a a a h h b b h h h h a h a a h b a b a h b h a a a
7 1 B051-03 10.3 b a h a h a a h h h h a h b h a a h h h a a h h a a a h h b b h a h h a h a a h b a b a h b h a a a
8 1 B168-04 12.3 b a h a h a a h h h h a h b h a a h h h a a h h a a h h h b b h a a h a h a a h b a b a h b h a a a
9 1 B023-05 14.4 b a h a h a a h h h h a h b h a a h h b a a h h a a h h h b b h a a h a h a a h b a b a h b h a h a
10 1 B173-04 16.4 b a h a h a a h h h b a h b h a a h h b h a h h a a h h h b b h a a h a h a a h b a b a h b h a h a
11 1 B079-02 19.5 b a h a h a a h h h h a h b h a a h h h h a b h a a h h h b b h a a h a h a a h b a b a h b h a h a
12 1 B154-02 21.5 b a h a h a a h h h h a h b h a a h h h a a h h a a h h h b b h a a h a h a a h b a b a h b h a h a
13 1 B002-04 29.1 h a h a h a a h h h h a h h h a a h h h a a h h a a h h h h h h a a h a h a a h h a h a h h h a h a
14 1 B003-03 30.1 h a h a h a a h h h h a h h h a a h h h a a h h a a h h h h h h a a h a h a a h h a h a h h h a a a
15 1 B164-02 40.0 h a h a h a a h h h h a h h h a a a h a h a h h a a h h a h h h a a h a h h a a h a h a a h h a h a
16 1 B087-05 51.0 b a h a h a a h h h h a h b h a a h h a h a b h a a h h a b b h a a h a h h a h b a h a a b h a h a
17 1 B149-05 63.6 b a h a h a a h h h h a h b h a a a h a h a b h h a h h a b b h a h h a h h h a h a a a a h h a h b
18 1 B170-02 66.7 b a h a b a a h h h h a h b h a a h h h h a b h h a h h a b b h a h h a h h h a h a a a a h h a h b
19 1 B072-04 67.8 b a h a b a a h h h h a h b h h a h h h h a b h h a h h a b b h a h h a h h h a h a a a a h h a h b
20 1 B150-03 73.1 b a h a b a a h b h h a h b h h a h h h h a b h h a h h a b h b h h h a h h b a h a a a a h h a h b
21 1 B116-05 77.4 b a h a b a a h b h h a h b h h a h h h h a b h h a h h a b h h h h h a a h b a a a h a a h h a h b
22 1 B086-03 80.5 b a h a b a a h b h h h h b h h a h h h h a b h b a h h a b h h h h h a a a b a a a h a a h h a h b
23 2 B018-04 0.0 a a a h a a a a a a a a a a h h h h a h a h a h a a h h h a h h h h h h h a h h h a h h a h a a h a
24 2 B024-45 1.0 a a a h a a a a a a a a a a h h h h a h a h a h a a h h h a h h h h h h h a h h h a h h a b a a h a
25 2 B081-02 2.0 a a a h a a a a a a a a a a h h h h a h a h a h a a h h h a h h h h b h h a h h h a h h a b a a h a
26 2 B057-06 4.1 a a a h a a a a a a a a a a h h a h a h a h a h a a h h h a h h h h h h h a h h h a h h a b a a h a
27 2 B174-02 7.2 a a a h a a a a a a a a a a h h a a a h a h a h a a h h h a h h h h h h h a h h h a h h a h a h h a
28 2 B093-08 8.2 a a a h a a a a a a a a a a h h a a a h a h a h a a h h h a h h h h h h h a h h h a h h a b a h h a
29 2 B158-03 9.2 a a a h a a a a a a a a a a a h a a a h a h a h a a h h h a h h h h h h h a h h h a h h a b a h h a
30 2 B092-02 11.3 a a a h a a a a a a a a a a a a a a a a a h a h a a h h h a h h h h h h h a h h h a h h a b a h h a
31 2 B115-03 12.3 a a a h a a a a a a a a a a a a a a a a a h a h a a h h h a h h h h h h h a h h h h h h a b a h h a
32 2 B163-02 18.7 a a a h a a a a a a a a a a a a a a a a a a a a a a h h h h h h h h h h h a h h h h a h h h a h h a
33 2 B098-02 21.8 a a a h a a a a a a a a a a a a a a a a a a a a a a h h h h b h h h h h h a h b h h a h h b a h h a
34 2 B159-04 23.9 a a a a a a a a a a a a a a a a a a a a a a a a a a b h h h b h h h h h h a h b h h a h h b a h h a
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36 2 B097-05 29.0 a a a a a h a h a a h h a a a a a a a a a a a a a a b h h h b h a h h h h a h b h h a h h b a h
37 2 B101-02 40.5 a b a a a h a b a a h h a h a a a h a a a h a a a a b h h h b h h h h h h a a b h h a h h b b h
38 2 B165-02 44.7 a b a a a h a b a a b b a h a a a h a h h h a a a a b h h h b h h h h h h a a b h h a h h b b h
39 2 B100-02 47.8 a b a a h h a b a a b b h h h a a h a h h h a a a a b h h h b h h h h h h a a b h h a h h b b h
40 2 B099-06 49.9 a b a a h h a b a a b b h h h a a h a h h h a a a a b h h h b h h h h h h a a b h h a h h b b h
41 2 B064-03 51.9 a b a a h h a b a a b b h h h a a h a h h h a a a a b h h h b h h h h h h h a b h h a h h b h h
42 3 B136-06 0.0 h h b a a h a h a h b h h h b a a a h b h a a h a a h h a h a h h h h h a h b h b h a h b a h a
43 3 B073-03 1.0 h h b a a h a h a h b h h a b a a a h b h a a h a a h h a h a h h h h h a h b h b h a h b a h a
44 3 B094-03 2.0 h h b a a h a h a h b h h a b a a a h b h a a h a a h h a a a h h h h h a h b h b h a h b a h a
45 3 B111-08 9.6 h b b a h b a h a h b h h a b a a a h b h a a h a a a h a a a h h a a h a h b h b h a h h a h a
46 3 B084-03 10.6 h b b a h b a h a h b h h a b a a a b b h a a h a a a h a a a h h a a h a h b h b h a h h a h a
47 3 B013-04 20.6 h h h a h h a h a h h h h a h a a a h h h a a h a a a h a a a h h a a h a h h h h h a h h a h a
48 3 B012-02 24.8 h h h a h h a h a h a h h a h a h a h h h a a h a a a h a h a h h a a h a h h a h h a h h a h a
49 3 B151-02 33.6 h b b a h h a h a h h h h a b a h a b b h a a h a a a h a h a h h a a h a b b a h h a h h a h a
50 3 B074-03 34.6 h b b a h h a h a h a h h a b a h a b b h a a h a a a h a h a h h a a h a b b a h h a h h a h a
51 3 B137-02 44.5 h h b a h h a h h h a h h a h h h a b b h a h h a a a a a h a h a a a h a h b a h h a h h a a a
52 3 B114-02 45.5 h h b a h h a h h h a h h a h h h a b b h a h h a a a a a h a h a a a h a h b a h a a h h a a a
53 3 B061-03 46.6 h h b a h h a h h h a h h a a h h a b b h a h h a a a a a h a h a a a h a h b a h a a h h a a a
54 3 B160-04 50.9 h h b a h h a h h h a h a a a h h a b h h a h h a a a a a h a h a a h h a h h a h a a h h a a a
55 3 B009-14 55.2 h h h a h h a h h h a h a a a h h a h a h a h h a h a a a h a h a a h h a h h a h a a h h a a a
56 3 B025-22 57.3 h h h a h h h h h h a h h a a h h a h a h a h h a h a a a h a h a a h h a h h a h a a h h a a a
57 3 B152-02 58.3 h h h a h h h h h h a h h a a h h a h a h a h h a h a a a b a h a a h h a h h a h a a h h a a a
58 3 B005-02 60.4 h h a a h h h h h h a h h a a h h a h a h a h h a h a a a h a h a a h h a h h a h a a h h a a a
59 3 B030-16 61.4 b h a a h h h h h h a h h a a h h a h a h a h h a h a a a h a h a a h h a h h a h a a h h a a a
60 3 B102-05 62.5 b h a a h h h h h h a h h a a h h a h a h a h h a h a h a h a h a a h h a h h a h a a h h a a a
61 3 B091-03 64.6 b h a a h h h h h h a h h a a h h a h a h a h h a h a h a h a h a a h h h h h a h a a h h h a a
62 3 B004-42 65.6 h h a a h h h h h h a h h a a h h a h a h a h h a h a h a h a h a a h h h h h a h a a h h h a a
63 3 B019-11 66.7 h h a a h h h h h h a h h a a h h a h a h a h h a h a h a h a h a a h h h h h a h a a h h h a a
64 3 B113-04 67.7 h h a a h h h h h h a h h a a h h a h a h h h h a h a h a h a h a a h h h h h a h a a h h h a a
65 3 B103-07 68.7 h h a a h h h h h h a h h a a h h a h a h h h h a h a h a h a h a a h h b h h a h a a h h h a a
66 3 B139-05 69.8 h h a a h h h h h h a h h a a h h a h a h h h h a h a h a h a h a a h h b h h a h a a h h h h a
67 3 B162-02 73.2 h h a a h h h h h h a h h a a h h a h a h h h h a h a a a h a h a a h h h h a a h a a h h h h a
68 3 B148-13 74.2 h h a a h h b h h h a h h a a h h a h a h h h h a h a a a h a h a a h h h h a a h a a h h h h a
69 3 B075-04 75.2 h h a a h h b h h h a h h a a h h a h a h h h h a h a a a h a h a a h h h h a a a a a h h h h a
70 3 B156-02 76.2 h h a a h h b h h h a h h a a h b a h a h h h h a h a a a h a h a a h h h h a a a a a h h h h a
71 3 B138-04 78.3 h h a a h h b b h h a a h a a h b a h a h h h h a h a a a h a h a a h h h h a a a a a h h h h a
72 3 B083-05 79.4 h h a a h h b b h h a a h a a h b a h a h h h h a h a a a b a h a a h h h h a a a a a h h h h a
73 4 B008-13 0.0 a h h h a h a h h h a h h h h a h a h h h h a h a h h a h h h h a h a h a a h a h h a h h h a h
74 4 B054-18 14.6 a b h h a h a h h h a b h h h a b a h b h b a h a h b a h h h b a b a b a a b a h b a b h h a h
75 4 B062-10 15.6 a b h h a h a h h h a b h h h a b a h b h b a h a b b a h h h b a b a b a a b a h b a b h h a h
76 4 B026-23 16.6 a b h h a h a h h h a b h h h a b a h b h b a h a b b a h h h b a h a b a a b a h b a b h h a h
77 4 B027-06 20.8 a b h b a h a h h h a b h h h a b a h b h b a h a b b a h h h b a h a b h a b a h b h b h b a h
78 4 B066-04 22.9 a b h b a h a h h h a b h h h a b a h b h b a h a b b a h h h b a h a h h a b a h b h h h b a h
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80 4 B028-04 50.4 b b a b h b a b h h h h a h a a b h h b b b a h a b b b h b h b a h a h h h h a a b h h b b a h a a
81 4 B067-03 53.5 b b h b h b a b h h h h a h a a b h h b b b a a a b b b h b h b a h a h h h h a a b h h b b a h h a
82 4 B029-05 57.7 b b h b h b a b b h h h h h a a b h h b b b h a a b b b h b h b a h a h h h h a a b h h b b a b h a
83 4 B153-02 62.0 b b h b h b a b b h h h h b a a b h h b b b h a a b b b b b h b h h h h h h h a a b h h b b a b h a
84 4 B065-04 63.0 b b h b h b a b b h h h h b a a b h h b b b h a a b b b b b h b h h h h h h h a a b h h b b h b h a
85 4 B157-03 64.0 b b h b h b a b b h h h h b a a b h h h b b h a a b b b b b h b h h h h h h h a a b h h b b h b h a
86 5 B076-03 2.0 a a a a h a a a a h b h a h h a h h h b h b b h h a h h a b h a b h h a a a a h h b a a b a h h b h
87 5 B140-05 4.1 a a a a h a a a a h b h a h h a h h h b h b b h h a a h a b h a b h h a a a a h h h a a b a h h b h
88 5 B105-02 6.2 a a a a h a a a a h b h a a h a h h h b h b b h h a a h a b h a b a h a a a a h h h a a b a h h b h
89 5 B058-02 7.2 a a a a h a a a a h b h a a h a h h h b h b b h h a a h a b h a b a h a h a a h h h a a b a h h b h
90 5 B143-03 8.2 a a a a h a a a a h b h a a h a h h h b h b b h h a a h a b h a b a h a h h a h h h a a b a h h b h
91 5 B161-02 14.7 a a a a h a a a a a b h a a h a h h h h h b b h h a a h a b h a b a a h h h a h h h a h h a h h b h
92 5 B142-02 19.0 a a a a h a a a a a b h h a h a h h h h h b b h h a a h a b h a b a a h h h h h h a a h h a h h h h
93 5 B010-04 36.7 a a a a h a a a a h h h a a h a h h h h h h h h h a a h a h h a h a h a a a a h h h a a h a h h h h
94 5 B014-02 53.2 a a a a h a a a h a h h h a h a h h a h h h h h h h a h a h h a h h a h h h h h h a a h h a h h h h
95 5 B032-04 57.5 a a a a h a a a h a b h h a h a h h a h h b h h h h a h a b h a h h a h h h h h h a a h h a h h h b
96 5 B141-02 76.2 h h a a b a a a h a h h h a h a h h h h h h h h h h h h a b a h a h a h h h h b h a a h a h a h h b
97 6 B077-05 0.0 h a h a h a h h a h h a b b a h b h a h h h b h h a a h a h a h h h h a a h h a a b h a a h h a a a
98 6 B022-03 11.9 h a h a h a h h a h a a h h a h h h a a h h b h h h h h a a a h h h h a a h h a a h h a a a h a a a
99 6 B021-06 17.4 h a h a h a h h a h a a h h a a h h a a h h h h a h h h a a a h h h h h a h h a a h h h a a h a a a
100 6 B155-02 26.6 h a h h h a a h h h a a h h a a h h a a h h h h h h h h a a a a h h h h a a h a a a h h h a h a a a
101 6 B095-03 27.7 h a h h h h a h h h a a h h a a h h a a h h h h h h h h a a a a h h h h a a h a a a h h h a h a a a
102 6 B040-04 28.7 h a h h h h a h h h a a h h a a h h a a h h h h h h h h a a a a h h h h a a h a a a h h h a a a a a
103 6 B108-04 29.7 h a h h h h a h h a a a h h a a h h a a h h h h h h h h a a a a h h h h a a h a a a h h h a a a a a
104 6 B082-03 31.7 h h h h h h a h h a a a h h a a h h a a h h h h h h h h a a a a h h a h a a h a a a h h h a a a a a
105 6 B039-27 34.8 h h h h h h a h h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a h h a a a h h a a a a a
106 6 B041-09 35.8 h h h h h h a h h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a h h h a a h h a a a a a
107 6 B001-03 36.8 h h h h h h a a h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a h h h a a h h a a a a a
108 6 B034-45 38.9 h h h b h h a h h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a h h h a a h h a a a a a
109 6 B007-15 39.9 h h h b h h a a h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a h h h a a h h a a a a a
110 6 B059-12 40.9 h h h b h h a a h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a b h h a a h h a a a a a
111 6 B035-04 41.9 h h h b h a a a h a a a h h a a h h a a h h a h h h h h a a a a h h a h a a b h h a a h h a a a a a
112 6 B144-05 45.0 h h h b h a a a h a a a b h a a h a a a h h a h h h h h a a a a b h a h a a b h h a a h h a a a a a
113 6 B106-06 47.0 h h h b h a a a h a a a b h a a h a a a h h a h h h h h a a a a b h a h a a b b h a h h h a a a a a
114 6 B133-04 48.1 h h h b h a a a h a a a b h a a h a a a h a a h h h h h a a a a b h a h a a b b h a h h h a a a a a
115 6 B063-04 51.2 h h a b h a a a h a a a b h a a h a a a h a a h a h h h a a a a b b a h a a b b h a h h h a a a a a
116 6 B120-04 52.2 h h a b h a a a h a a a b h a a h h a a h a a h a h h h a a a a b b a h a a b b h a h h h a a a a a
117 6 B121-03 54.2 h h h h h a a a h a a a b h a a h h a a h a a h a h h h a a a a b b a h a a b b h a h h h a a a a a
118 6 B104-03 55.2 h h h h h a a a a a a a b h a a h h a a h a a h a h h h a a a a b b a h a a b b h a h h h a a a a a
119 6 B171-02 57.3 h h h h h a a a a a a a b h h a h h a a h a a h a h h h a a a a b b a h a h b b h a h h h a a a a a
120 6 B167-02 58.3 h h h h h a a a a a a a b h h a h h a a h a a h a h h h a a a a b b a h a b b b h a h h h a a a a a
121 6 B107-05 59.3 h h h a h a a a a a a a b h h a h h a a h a a h a h h h a a a a b b a h a b b b h a h h h a a a a a
122 6 B089-04 61.4 h h h a h a a a a a a a b h h a h h a a a a a h a h h h a a a a b b a h a b b b a a h h h a a a a a
123 6 B038-03 73.2 h h h a h a a a a h a a b a h b h h a h a a a h a h h h a a h a b b a h h b b b h a a h h a a a a h
124 6 B037-04 74.2 h h h a h a a a a h a a b a h b h h h h a a a h a h h h a a h a b b a h h b b b h a a h h a a a a h
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126 7 B044-08 0.0 a a h a a h a h a h h a a a h a b a a b a h a a a h b h h a h b h h h h a a a h a a b h h h a a h a
127 7 B045-03 5.4 a a h a a h a h a h h a a a b a b a a b a h a a a h b h h a h b a h h a a a a h a a b a a h a a h a
128 7 B046-03 7.4 a a h a a h a h a h h a a a b a b a a h a h a a a h b h h a h b a h h a a a a h a a h a a h a a h a
129 7 B047-02 11.6 a a h a a h a h a h h a a a b a b a a h a h a a a h b h h h h b a h h a a h h h a a h a a h a a a a
130 7 B172-02 12.6 a a h a a h a h a b h a a a b a b a a h a h a a a h b h h h h b a h h a a h h h a a h a a h a a a a
131 7 B090-10 14.7 a a h a a b a h a b h a a a b a b a a h a h a a a h b h h h h b h h h a a h h h a a h a a h a a a a
132 7 B071-02 15.7 a a h a a h a h a b h a a a b a b a a h a h a a a h b h h h h b h h h a a h h h a a h a a h a a a a
133 7 B048-02 16.7 a a h a a h a h a b h a a a b h b a a h a h a a a h b h h h h b h h h a a h h h a a h a a h a a a a
134 7 B166-02 17.7 a a h a a h a h a b h a a a b h b a a h a a a a a h b h h h h b h h h a a h h h a a h a a h a a a a
135 7 B070-09 20.8 a a h a a h a h a b h a a a h h b a a h a a a a h h b h h h a b h h h a a h h h a a h a a h a a a a
136 7 B043-06 22.9 a a h a h h a h a b h a a a h h b a a h a a a a h h b h h h a b h h h a a h h h a a h a h h a a a a
137 7 B069-05 27.1 a a h a h h a h a b h a a h h h b a a h a a a h b h b h h h a b h h h a a h h h a a h a h h a h a a
138 7 B042-02 32.4 a a h a h h a h a b h a h h h h h a a a a a a h b h b h h h a b h h h a a b h h a a h a h h a h h a
139 7 B085-04 34.5 a a h a b h a h a b h a h h h h h a a a a a a h b h b h h h a b h h h a h b h h a a h a h h a h h a
140 7 B056-06 36.5 a h h a b h a h a b h a h h h h h h a a a a a h b h b h h h a b h h h a h b h h a a h a h h a h h a
141 7 B110-05 37.5 a h h a b h a h a b h a h h h h h h a a a a a h b h b h h h a b h h h a h b h h a a h a h h a h b a
142 7 B078-06 38.5 a h h a b h a h a b h a b h h h h h a a a a a h b h b h h h a b h h h a h b h h a a h a h h a h b a
143 7 B068-08 39.6 a h h a b h a h a b h a b h h h h h h a a a a h b h b h h h a b h h h a h b h h a a h a h h a h b a
144 7 B052-06 44.9 a h h a b h a h h b h a b h h h h b h a a a a h b h b h h h a b h h b h h b h h a a h h h h a h b a
145 7 B146-03 46.9 a h h a b h a h h b h a b h h h h b h a a a h h b h b h h h a b h h b h h b h h a a h h h h h h b a
146 7 B049-11 49.0 a h h a b h a h b b h a b h h h h b h a a a h h b h b h h h a b h h b h h b h h h a h h h h h h b a
147 7 B050-33 50.0 a h h a b h a h h b h a b h h h h b h a a a h h b h b h h h a b h h b h h b h h h a h h h h h h b a
148 7 B053-25 51.0 a h h a b h a h h b h a b h h h h b h h a a h h b h b h h h a b h h b h h b h h h a h h h h h h b a
149 7 B147-04 54.1 a h h h b h a h h b h a b h h h h b h h a a h h b h b h h h a b h h b h h b h h h a h h h h h h b b
150 7 B033-19 55.2 a h h a b h a h h b h a b h h h h b h h a a h h b h b h h h a b h h b h h b h h h a h h h h h h b b
151 7 B006-03 71.4 a h h a h h a h h h h a h h h h h h h h a a h h h h h h h h a h h h h h h h h h h a h h h h h h h h
152 7 B015-04 72.4 a h h a h h a h h h h a h h h h h h h h a a h h h h h h h h a h h h h h h h h h h a h h h h h h h a







Table D-2Mapped markers for F. vescaYPF2 map and comparison to F. vesca ssp. vesca ‘Hawaii’ physical map. 
The list consists of 1) mapped binned markers 2) bins that did not map (highlighted in green), 3) markers that did not bin (yellow) and 4) the 
sequence-specific markers used to identify linkage groups (blue). Binned markers are ordered by linkage group, with map position (cM) and 
Bin ID for each marker (Marker ID), marker sequence tag, marker category and class. Additionally, the FvH4 v1.1 pseudochromosome and 





(cM) Bin ID Marker ID Marker Sequence Tag
Marker 
Category Marker Class Chromosome
Physical 
Position
1 LG1 0.000 B123-03 AX-89904273 AAATTATCAACCGAATCCGACGACAACAGATCGGA[A/C]AATTTGATGGAACGGACAACATAAGTGATCCGGTC snp-snp NoMinorHom LG1 5370330
2 LG1 0.000 B123-03 AX-89913788 TTCGAAAAAGGGTTTATGAGTTGCTGTCTAAGGCT[G/T]CTACATCTAGACCTTCCCACCCCAGTTCAGATCCA mSNP PolyHighResolution LG5 21719671
3 LG1 0.000 B123-03 AX-89811409 CCGCTTGCGTACTATTGAGACTGCATTGCTCATAA[G/T]TAAGCAATCAGGTTCATCAACAATGAACTCGTTGT snp-in-del PolyHighResolution LG6 18619809
4 LG1 5.524 B131-02 AX-89867439 CGGACGTCAGTTTCCGGTTGCCGGGAAAAAGCTAT[A/G]CATAAGTTTAATGATCTGTTTAGTTATTTAAGGCA SNPinIns Other LG1 15859819
5 LG1 5.524 B131-02 AX-89904255 GTCACGTGGTCGTCGGACCAAACCGCAGCCAATTT[C/T]AGTTCGTCTCTCCGAACTTGCATCAGGAATGAGTC snp-snp PolyHighResolution LG1 431218
6 LG1 22.960 B020-13 AX-89778581 TGTTATGTTTATACTAATTGCAGCAATGTATAACT[C/T]TTGAAATCGATGAAGACCTAATACAGGGCTCATTC snp PolyHighResolution LG1 12831151
7 LG1 22.960 B020-13 AX-89817179 ATCTTGTTTCACAGACTCTAACTTCTTAGCCAAAG[C/T]GACTTCTCGTTGATGTCGACGCTTCTGAGTTTTAG snp PolyHighResolution LG1 18951616
8 LG1 22.960 B020-13 AX-89854294 GGTTGCAGCTGATCAACACAGAAGAAGGGTTGTGT[C/T]TGAAGAAGGTGACGAGGTCTGGGCAGTTTTGACAA mSNP PolyHighResolution LG1 18175655
9 LG1 22.960 B020-13 AX-89910318 TGTGAAATCACCAAGTGGTAACTCTAGAAGGCGGC[A/G]TGGTAGCTCCGATGAGGCAACATTTCTTGAGATAT mSNP PolyHighResolution LG1 18771348
10 LG1 22.960 B020-13 AX-89779213 GGATCTCTAGTGAGGCTTTTATTTTGTTGTGATAT[G/T]AATGGTTTGTTTAGCCATGATTTGATTAAGGTTTT snp PolyHighResolution LG1 18108610
11 LG1 22.960 B020-13 AX-89846822 ATCCATTCCTTAACTTGTTTCTATTCAACTCATGC[C/T]GTTCTCTTTTACTTATCCTTGCATTATTAATTAGT snp-snp PolyHighResolution LG1 12832888
12 LG1 22.960 B020-13 AX-89903468 GTTTTCGACAACATTTTGATTTGTGATGATCCACA[A/G]TATGCAAAACAAGTGGTAGAAGAGATATTTTCCAA snp PolyHighResolution LG7 693649
13 LG1 22.960 B020-13 AX-89904184 CAGGTCGGCATGCATATGATGGACTTCCAAGTGGC[C/T]AGCTGCATGCCTTGCCATGATTAAATTAAACCATT snp-snp PolyHighResolution LG1 18815437
14 LG1 22.960 B020-13 AX-89778621 TCTGAGAACCAAGTTTCTGTTGCAATTGAAAAGTT[C/T]GGTAAGTCTTTGATATAGTTGCTCTACTGGACCTG snp PolyHighResolution LG1 13130146
15 LG1 22.960 B020-13 AX-89779061 AAGATCCAGAACACTATTATAATTGATCTTCTTCA[C/T]TGTAATGCAGGATGACGGCAAACGATGATCTGTAT snp PolyHighResolution LG1 16973816
16 LG1 22.960 B020-13 AX-89846821 GACTATCTCTGCCTGGCCAAAGGTACAATTTTCTC[G/T]ATAGGTTTCCTCTGAGGTTCTGTTATTTTCAACTG snp-snp PolyHighResolution LG1 12827525
17 LG1 22.960 B020-13 AX-89873568 GTGTTCTCAAATTTGTCATCATTGAAAAGGATTTT[C/T]CAGGCAAGTGCAATTCTGTTTCTGCATCTTTTGTT snp PolyHighResolution LG1 14565838
18 LG1 22.960 B020-13 AX-89873798 AAGAAGTATAGATGTTTAGAAATTGATCTTGACGG[C/T]TTGTACAAGAGAATGCTGCTTCTCAAGAAAAAGAA snp PolyHighResolution LG1 16019991
19 LG1 23.970 B096-19 AX-89778376 AACTTGTTGGTCATGGGTTGATGAATCTCCAAATC[A/C]ATAGCAAGGGATTGTGTTATCCTCATCAAAAGAAG snp PolyHighResolution LG1 10641693
20 LG1 23.970 B096-19 AX-89779464 TAATGGAGAAGATAATTGGTGCTGGAAGCAAAGCT[C/T]GATTGATGTGGATGTTGGTGTTGATGACGTAAAAG snp PolyHighResolution LG1 20010786
21 LG1 23.970 B096-19 AX-89838132 ACGTGGCCAAATCATCGATGATCTTCTTAAACTGA[G/T]GTCTAGATTTGAATTGCACAGTACCGCTATAACCA snp PolyHighResolution LG6 16551319
22 LG1 23.970 B096-19 AX-89867323 GAAATCCTTTTGTTAATTGTCAAAGTTTTGGTGAT[C/T]GATGTGATAACTGAAGCAAGTAGTGTCAAAGAAAC snp-in-del PolyHighResolution LG6 29427080
23 LG1 23.970 B096-19 AX-89874080 ACCCCCCAAAGCGGTTATCGAAAGAGCTACACCGA[C/T]GAGATTGGATTCTCCGCAGTTTCTTCAACAAAATG snp PolyHighResolution LG1 17612494
24 LG1 23.970 B096-19 AX-89874494 GATGACATTTTCTTTGTTCCTGGCTATGACATAAG[C/T]GGATTTGTTGTTTCTCAGGTAAAGATGACAGTTGT snp PolyHighResolution LG1 20007280
25 LG1 23.970 B096-19 AX-89806306 TGGTATTTGATCATGAGAGTGAAATTTACACACCC[-/TCA]TCGGTTACAATTCATACACACCTGACACCCTTTTA ins PolyHighResolution LG1 10702452
26 LG1 23.970 B096-19 AX-89846925 CGAGTTGGAACATTAAAAAGGTTCAAGGTCAGGTC[A/G]GTTAGTGCAATTCCCTTAAAGTTCCTAATCATAGA snp-snp PolyHighResolution LG1 17642860
27 LG1 23.970 B096-19 AX-89778395 GCCTGCCTCAATTTAAACTCAGCTCTATCCATAGC[A/G]TCCTTAACGGCATCAGTAACTGAGTTGCGCTCTAA snp PolyHighResolution LG1 10795675
28 LG1 23.970 B096-19 AX-89819172 TTGGACTGGTATTGCTCCAGCTAATGAAGGCCTTG[C/T]TGTGGATGAGGAAGACCTGGTTGCTAATAGCTTTG snp PolyHighResolution LG1 8999163
29 LG1 23.970 B096-19 AX-89846773 CATCTTGTTATGTCCATTACAAAACATATATGGGT[A/C]CATGCATGGTTAATAGCAAATGAGTATGATGAAAA snp-snp PolyHighResolution LG1 10817864
30 LG1 23.970 B096-19 AX-89846933 ACGGGTTCAACGAAGATACTTTCCCATGGAAGATT[C/T]AGATCAGATCAATAAGATAACGACTCAAATGGGGA snp-snp PolyHighResolution LG1 17901949
31 LG1 23.970 B096-19 AX-89865210 CTTATCAAAAACCGGGAAATTCTTCCTTGGCATTA[C/T]GAAATCACCTTCCCTCAGATTTAGGCTTGGGCAAT F1Dsnp PolyHighResolution LG1 9364174
32 LG1 23.970 B096-19 AX-89873071 GCAAGTATGCAACATCTAAAAAGCATACCTTTGCT[A/G]CCTCAAAAGTTAGCAGAAGCACAATTCGAATAGAA snp PolyHighResolution LG1 11175837
33 LG1 23.970 B096-19 AX-89873142 TCATATAGCGGGGTCACAGATTTTGGTGACTCATC[A/G]ATTTTCTTATCTTTCCCCATAAGCATGGCTTCTAA snp PolyHighResolution LG1 11840195
34 LG1 23.970 B096-19 AX-89779455 GTGCTTCCCATGATTTGCCATATTATGGATCAGCC[A/G]GAACTTCAGAAAGATGAAGGTCCTATAGGAGTAAT snp PolyHighResolution LG1 19990250










(cM) Bin ID Marker ID Marker Sequence Tag
Marker 
Category Marker Class Chromosome
Physical 
Position
36 LG1 23.970 B096-19 AX-89819234 CATCAGAACAAGAAGCAATCCAATTAATGAGGAGG[C/T]TTTTAAATCCTGTAGCCGAATCTGTATCGGCAGAG snp PolyHighResolution LG1 9632773
37 LG1 23.970 B096-19 AX-89872948 TATGACGCTCATTCCCGTCGTCATCGTTGCCGTCT[A/G]GGTTAAAAGCGAAGGGCTTTATGGAATCGCCGGTG snp PolyHighResolution LG1 10166155
38 LG1 26.021 B060-02 AX-89811584 ACGAATCTGTCTGAACCCAAAAACTGATGCACTTA[A/G]CAAAAGACTGTCAGGTATATTTTGTTTACTAATTT SNPinIns PolyHighResolution LG1 15856106
39 LG1 26.021 B060-02 AX-89910226 AAGGTGAAGCATGTACTACAAATATGTATTTTGGC[A/G]GGTGTTTGCATCTGGCTTGTTTACCAAGTCAAGCA mSNP PolyHighResolution LG1 15572112
40 LG1 27.031 B055-13 AX-89808456 GTCCTTAATATAAAATGTCGACCAGGAGAATATTG[-/ATTA]ATTGAGGAGGACCCGAATAAATTGACTCTTAGTTA ins PolyHighResolution LG6 35107334
41 LG1 27.031 B055-13 AX-89841473 ACGGGTGAGAAAGCAAATGGAATGCCAAGGACCTT[C/T]GAAGCCATCAGGAAACAGTTGGTTTGAATGTGGGA snp PolyHighResolution LG6 35595804
42 LG1 27.031 B055-13 AX-89850139 TATACCACATATTTACAGTCAAATGCAGCTTTGAG[C/T]TTACAACAGCAGAATAGACTAAAGCAAATGGGGGC snp-snp PolyHighResolution LG6 35578398
43 LG1 27.031 B055-13 AX-89853557 CTCAAGGTGGGATACTCCAGTCTTAAAGCATGTAG[C/G]AGCAGCTGCACCACGGGGAACCTGTTACGAGGAAA mSNP PolyHighResolution LG6 35676296
44 LG1 27.031 B055-13 AX-89864506 TGCGAGTATAAAGATACTTGGTTACTCAAGGGGAT[-/TAGC]TAGGGTATTTGGACTCATGTCGCAAGGTTTTGCAG ins PolyHighResolution LG6 35394405
45 LG1 27.031 B055-13 AX-89873672 TCATCAGTAAACGGATCGGTAAAGAAGTCGCGTCC[C/T]AGCTCGATCTCGAAGAGTCACTAGAAGCTTCTCGA snp PolyHighResolution LG1 15184852
46 LG1 27.031 B055-13 AX-89798454 TTCTTGCCTGGCTTATGCATATGTTAACAACCTAG[A/G]GTGTTTGGTCTGGTACAAAGACCTTATTGATATTC snp PolyHighResolution LG6 35315445
47 LG1 27.031 B055-13 AX-89805684 GAAAGTGAATGTATAGTATCTCTTCATCTTTTCCT[-/GCTCTC]GCATTAATATGCATATATGTTTTGCATTGCAGACT del PolyHighResolution LG6 35927392
48 LG1 27.031 B055-13 AX-89915371 CATATACGTCGGATCGTTTAATTTCTCAAACTGTT[C/T]TATCACAGGTAGAAGAGACTGCAGCCATTTCACGA mSNP PolyHighResolution LG6 35860586
49 LG1 27.031 B055-13 AX-89915373 CCTTGAGGAAATGAAGCAAGGTCTTTGAAACATTC[A/C]TTGATATCGACGATGGTATCTTCTTCACCCAGAGC mSNP PolyHighResolution LG6 35922342
50 LG1 27.031 B055-13 AX-89859350 ATCTTCACCAAGAACCAATCAATGTTGCCAAATTC[A/G]CACACCATTCCCCTTATTTGTTTGCTACTTCATCC mSNP PolyHighResolution LG6 34750958
51 LG1 27.031 B055-13 AX-89841380 CTGGGCGCGAATCCATTGACGACGGGAGTTTTGAC[C/T]GGAGGAGCGGCAACGGTGATGAAATCGTTCCAATC snp PolyHighResolution LG6 35210495
52 LG1 27.031 B055-13 AX-89816525 GGGCTTCAACGAGATCCCATGTGCGGTTACGAACA[G/T]CTCTTCCAGCAAAACCATAAATACCAGTAAATCTC snp CallRateBelowThreshold LG1 14908230
53 LG1 30.136 B135-05 AX-89819149 AGTGAATTTGCACCAAGCCGATTAGCACCATGAAC[A/C]GATGCACAGGCTGCCTCCCCAGCTGCCATTAACCC snp PolyHighResolution LG1 8803120
54 LG1 30.136 B135-05 AX-89854763 GGTAACACAGGAATAGGCTCTTTAGTGACATCGAC[G/T]CCAGCAAAAATGGCAGCAGTTTCAGAAATACCAGG mSNP PolyHighResolution LG1 8803403
55 LG1 30.136 B135-05 AX-89910686 GGAAGACCCTTACACTTTTCAACAATCTCTTTTCC[A/G]ACATCTTCTAATTCTGAATGCATACACTTACCTTC mSNP PolyHighResolution LG1 8431010
56 LG1 30.136 B135-05 AX-89872298 AATATAAAACCCGTTACCAAATTAACTCTATTCAG[A/C]GAAATATTCTCCACGGCTGCGGATACATTTTCCAA indel-snp PolyHighResolution LG1 8801480
57 LG1 30.136 B135-05 AX-89780833 GTCGGCAGTGAGCCATTTGAATTTCTCAATTTGTC[C/T]AACCAAGCAATGGTCTTCTCGCCAGCATCCTTTTC snp PolyHighResolution LG1 8802876
58 LG1 33.240 B112-03 AX-89780663 GGGGAATTAGGCTTGAATGCTGATCTTCTCAACTC[A/G]GCATCTTTCTCTGCCACTCCTGTTATCTCCATCAA snp PolyHighResolution LG1 7887979
59 LG1 33.240 B112-03 AX-89860660 CCGGATGAGACGCCGGCCGCCACAGGGAATTGGCC[-/ATT]ATTTGCCGACTTCACACTGCAAAACACAAAACTCG del PolyHighResolution LG1 7875398
60 LG1 33.240 B112-03 AX-89910656 TCTTGGGTCATATAAGATTGCTTGGATGCCCATTC[G/T]AGCACAGTGAGCACCTCAGCCTGGGCAAGTTCTTC mSNP PolyHighResolution LG1 7887538
61 LG1 34.261 B051-03 AX-89803355 CTAATTGATCTGATAATGACAAGACAGACTGATAC[-/AAAT]AGAAATCAGAGAAAGCAAGGATGTATGATATGTTG del PolyHighResolution LG1 7651841
62 LG1 34.261 B051-03 AX-89818807 CTCCAATCCTAAATCACAAGCTTTCTTTGCAACCA[A/G]TGCAGCTCCAAGCATTACACTAGGATTTGAGGTGT snp PolyHighResolution LG1 7533119
63 LG1 34.261 B051-03 AX-89867544 TTCATAAGGGTATGCATATATTTCCTGCAAGATAA[A/C]TCTCACAGTTTAAATATACAGAATACATATTAGAT SNPinIns PolyHighResolution LG1 7603875
64 LG1 39.651 B079-02 AX-89910562 GACTTGGCTGTTGGTGGAGTTGTCCCTATGCACAC[A/G]CACCATGGAGCTTCAGAAATTGTACTTATCATTGA mSNP PolyHighResolution LG1 6048808
65 LG1 39.651 B079-02 AX-89851159 GGAGCCTATTACAGCTACCTTGGAAAGATTGAGAC[C/G]AAGCAGAGAGAAAAGGAGGAGCATTTCATATTAGC mSNP PolyHighResolution LG1 5986916
66 LG1 42.787 B173-04 AX-89818535 TGGTACTTGTCATCTAGTTTCTTCCAGTAAAGGTC[A/G]GAATCAGGGTACTTGGTCTTCTCCAAAGCATGGGC snp PolyHighResolution LG1 6535741
67 LG1 42.787 B173-04 AX-89875675 GACATACATATTATATCTGGTTTGATGTTCAAACG[C/T]GATGTTTCTTGTGACCAATAGAGAGGGATTGAGCC snp PolyHighResolution LG1 6559708
68 LG1 42.787 B173-04 AX-89780344 CAGTTATTGGAAGAAAAAAGAAGTTTTACCATGCA[C/T]AGAATCCTGGTAAAACCATCAAGTGGTACCTTGAT snp PolyHighResolution LG1 6519299
69 LG1 42.787 B173-04 AX-89818512 CCTGGATGCTCTAGCGATGTTGCTCTAAATGATGC[C/T]GGAGTTCTAAATAATGGTCTGTGGGGATCACAGCC snp PolyHighResolution LG1 6399435
70 LG1 44.839 B023-05 AX-89780429 AACCTGTCGGTGTTCATGGCCAACCAGACTAGTGA[A/C]TCGAATGCAGGGTTTAGTGGAGCGATCCGGCCCAG snp PolyHighResolution LG1 6837690
71 LG1 44.839 B023-05 AX-89780439 CCCAAGCATTTCCTATACACATGTTTCCCTACTCT[A/G]TCTTTACCATGCTCATCTCTATACTTAACCAACAC snp PolyHighResolution LG1 6903556
72 LG1 44.839 B023-05 AX-89818563 CCAGCAGAAGAAGACAAACCGAAGGAGGAGGCTAA[C/T]AAACCAGCAGAGGACAAGGCCACTGTAGCACCGGA snp PolyHighResolution LG1 6590214
73 LG1 44.839 B023-05 AX-89780401 GGTGCAGATGATGAGGAAGCTCTGAATAAAATTAT[C/T]GATTCTTTGACTTCTCTTGCCAATCCAAATGAAAA snp PolyHighResolution LG1 6675970
74 LG1 44.839 B023-05 AX-89860637 CGTAAGAGTCTAATGAAGAACAAGAAGCAAAGAGT[-/GTAC]GTTACCAAAAGTTGCAGAGCGAAATGTGGTCCAAC del PolyHighResolution LG1 6656898
75 LG1 45.849 B154-02 AX-89875827 GAGAATGTTGGGATTGGAGTTCACATCTTCAACTG[C/T]AGTTGATATTGCAAGTTTTGCGATTTTGCCAATGA snp PolyHighResolution LG1 7064765
76 LG1 45.849 B154-02 AX-89860643 TGGGATGAGCAACCTTCAGATTAAGGTTGGCAAGT[-/GAA]GAAGAAGGGAATGAAGTTACATCTACCACTGATTT del PolyHighResolution LG1 7089539
77 LG1 46.859 B168-04 AX-89811610 AAAAAGCTTGAACAAGGTGCAAGCATTTACAGAAA[C/G]AAGTGTAATGGTAAGATTAGATGGGGTGTTAACTT SNPinIns PolyHighResolution LG1 7238320
78 LG1 46.859 B168-04 AX-89875850 TATCTTGTGCTGGTTTGCTGGTTTTGGAGGGTTCC[A/G]GTTGCCTCCATATCACAACAACTTGTTCAACCCTT snp PolyHighResolution LG1 7145984
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80 LG1 46.859 B168-04 AX-89818728 CAGACTCATGGCTAATGTATTTGTTATCACAAATG[C/T]CTTGAAAGCTGCATTTCTTGATAGAACTGCATGAC snp PolyHighResolution LG1 7171798
81 LG1 54.821 B003-03 AX-89780502 AAAAAAAAGCGTATCATGACAGCACAACTGGACAT[A/G]CTCATTGCTAATGTATTTGCTATCACAAATGCCTT snp Other LG1 7190172
82 LG1 54.821 B003-03 AX-89875860 CCAATCAGAACTAAACAAGGCGTTGGTCACCTCCA[A/G]TATCATGGCATGGTACGAAGCCGATGTTGGATCAC snp NoMinorHom LG1 7183184
83 LG1 54.821 B003-03 AX-89847130 AAACCAAATATATTGTTTATAGAAACAGTGTTCGT[A/G]TTTTGCTATGCATATCGAGCTGTTGTATTGGTTTT snp-snp PolyHighResolution LG1 7211455
84 LG1 55.861 B002-04 AX-89780471 AACTGCACCAGTTGTGCCATTCATATCAACTCCAA[A/C]TATGTTGCGAAGTAACAAGCTCCCTCCATCAAATA snp NoMinorHom LG1 7057533
85 LG1 55.861 B002-04 AX-89818699 CAGTGATATCAGTGCCTTTTACACCTACAAACTCG[C/T]GGTAGCTGACTCGATTGGGGACTCCAATCCTGAGC snp NoMinorHom LG1 7072827
86 LG1 55.861 B002-04 AX-89875695 CCAAAACAATGTCACATCCATTGGATGCCCTGAGC[C/T]GGGATGCATGGGAGTATTAACCCCTGGGTACTGTC snp NoMinorHom LG1 6595199
87 LG1 55.861 B002-04 AX-89875791 GAAGAAGCTGCCACAGAAAGCATCAGATATTTTCG[C/T]TCTTTCTTTTTTGTTGGTGTGGACTTGTTGGCCTG snp NoMinorHom LG1 6913634
88 LG1 63.952 B164-02 AX-89782597 TAATCCAGTCTCCAAAATGATTTCTAATAACACCA[A/C]CAGCACCTATTTTACCAGAAGGAGAAGTCCTAGTT snp CallRateBelowThreshold LG2 20237885
89 LG1 63.952 B164-02 AX-89906094 AGAACTCTAATCTGTATATGTACACACAATTCGAA[C/G]TTTCCAAGTGATAAACTATGTTAGTTAAGTCCACA snp-snp PolyHighResolution LG6 18764036
90 LG1 74.352 B087-05 AX-89875261 GAACGGGTGTCCCACATTGCTATATTCCCATCCAC[A/G]GAACAAGAAGCAAATACATCAGGTTCTGTAGGGCT snp PolyHighResolution LG1 4813655
91 LG1 74.352 B087-05 AX-89780036 GTGAGAGGTTACCTTAGACAAGGCCAACCAATATG[A/G]AAGGCGTGGAGAGAGTCGTAAGCAGTAGGGTCACA snp PolyHighResolution LG1 4815520
92 LG1 74.352 B087-05 AX-89847093 ACCTTTGGTTTCTCTTTGGACAAAAACATTGTTGG[C/T]GATGCTTCCAAGCCTAGTGGGAGCAGAGGTAAAAG snp-snp PolyHighResolution LG1 5642880
93 LG1 74.352 B087-05 AX-89875255 TCATCAGGCCCAACCTGGTGTCCCTGATGATCCGG[A/G]TCCTCAAAATACAATGTCATAAAATAAGGAATCTC snp PolyHighResolution LG1 4807091
94 LG1 74.352 B087-05 AX-89865133 GTACTTGTGATAATGAAATCGGTCTGGTTCATGGC[G/T]ATGAGATCAGCTGTGAACTGGCAAGAGAAGTGGTA F1Dsnp PolyHighResolution LG1 4800284
95 LG1 86.151 B149-05 AX-89817162 GGAAACAGCTGCATTGTCAATCTACCAAGCTAGGC[G/T]TCGCTTCCGATTCGTACATTCAGAACACTCTGATG snp PolyHighResolution LG1 1887290
96 LG1 86.151 B149-05 AX-89817163 CCTAATGAGGTTACTTTGCTTAATGTTTTGACTGC[G/T]TGTGGGATGGCGAGGGATTTAGAAACTGCAAAAAG snp PolyHighResolution LG1 1887529
97 LG1 86.151 B149-05 AX-89816974 AAAGTCTGTTGAACGCAACAGTTGTAAAATCAACA[C/T]AATGAAGAGCTCTCTCAGATATATGAACCTCAATC snp PolyHighResolution LG1 1767436
98 LG1 86.151 B149-05 AX-89872272 TAGAATTTTACAGTGAAATGCTTTTTATTAAGCAC[C/T]ACGTACGTTTATCACAGAGCATTAACACGTACACC indel-snp PolyHighResolution LG1 1935034
99 LG1 86.151 B149-05 AX-89816911 TTGCACAGCATGGTATCTGCACATTCTGATTTAGA[C/T]GATGCTGGAGAAATAGTTACCCCAACTCCTAGAGT snp PolyHighResolution LG1 1742110
100 LG1 89.277 B170-02 AX-89874602 GCAAACAGAGAAACACCATGTCCGACGAATATGGT[A/G]ATAACAAGTCTCTAATCATTTGTAGCTTTGAAACT snp PolyHighResolution LG1 2111456
101 LG1 89.277 B170-02 AX-89779546 GACCCTTCGATTCCTTCAATTCTTTCACTTCAAGG[C/T]CCAATTCATCCAATCTCAAAAGTAACTTCGCGGTA snp PolyHighResolution LG1 2139674
102 LG1 90.297 B072-04 AX-89874624 CATGGGCATAGTGGGGTTCATCTTGGAAAACGAGA[A/C]CGTGAAACTTTTGGGCAAGAAATCTGACGACGGTA snp PolyHighResolution LG1 2233770
103 LG1 90.297 B072-04 AX-89817544 GATGATGGGAAAGTTTGGAACTGGCTCTTGACTGC[C/T]GAAGGTGAATACAATCACAAGGATGATAAAGACTT snp PolyHighResolution LG1 2432117
104 LG1 90.297 B072-04 AX-89874672 CTGTGTCGTTGGCTTCTTGAAGCTCTTACAGCAAC[A/G]CAGCCCAAATTAAGCGCAGCTGGCACAAAGAGTCA snp PolyHighResolution LG1 2404712
105 LG1 90.297 B072-04 AX-89847031 CAAGTCTCACTTTAACAAGCTTTATGGAACAGTTC[C/T]AAAACATAGTCCAAATTCATAATAATAGTAATAAT snp-snp PolyHighResolution LG1 2492598
106 LG1 95.621 B150-03 AX-89874788 AGAACGGAGTGAGAGGAAACATTTTGGGCAAACAG[C/T]TGTCCTCAACAGCAAGGAAGGCCTTACAACAATTG snp PolyHighResolution LG1 2927405
107 LG1 95.621 B150-03 AX-89860581 AATGCCGGTTAGAGATGCCCAACACTCGAGGGCAC[-/CTAG]CTTGCGAAGTTCCCGGTGGAAGCAGCTAGGCCTGG del PolyHighResolution LG1 2925904
108 LG1 95.621 B150-03 AX-89817650 ATGGCCGTCGAGTCCCTTGTCTTTGCACCTTTCTT[C/T]GCCACACACGGTGGCCTCCTTTTCAAGCTCTAAAT snp PolyHighResolution LG1 2863370
109 LG1 99.888 B116-05 AX-89817725 CATGGCAGCAGCAAAGCCTTTGAACAAAAAAGTAG[G/T]AGGAAAGTGGATTCATTTGCTGATAAACCAGTATC snp PolyHighResolution LG1 3186353
110 LG1 99.888 B116-05 AX-89803224 GAGAGGTTTCGAAATGCATTGGAGCAAGAGGCGGC[-/ATT]ATTGGACTTGTGGAGAGCGCAGTTGCAGTTTTTGT del PolyHighResolution LG1 3136266
111 LG1 99.888 B116-05 AX-89817709 ATTGCAATGGATGTGGCATTTGGAATGGAGTACCT[A/G]CATGGAAAGAATATAGTGCACTTTGATTTGAAAAG snp PolyHighResolution LG1 3122229
112 LG1 99.888 B116-05 AX-89874814 TTGCCAAGAGTTATTGTTGAGGATTCTGACTTTCC[A/G]GTAGAGCTTGAAAAGGTAATAACAAGGTCATTTGT snp PolyHighResolution LG1 3090302
113 LG1 99.888 B116-05 AX-89779712 AGTTCCCGTAGTTCCCTAACAGGACTAAGCTGAAC[A/G]TTGGAGAAGCTCATGACTGGTTTCAGAAACGATAG snp PolyHighResolution LG1 3247900
114 LG1 103.035 B086-03 AX-89817334 CTGAGTTGCATTTGTGGGTTGCAGGAAATCATTGA[C/T]GAGGAAGATGAAAAGTTGAAGAAGTTAAAGGTGGA snp PolyHighResolution LG1 198313
115 LG1 103.035 B086-03 AX-89806423 CCTGTCATTGTTAGCACAACCAAGCAGGGGTGTCA[-/GGG]GTACTCAGTAGTGTAAAAGTTAAAGAAGGTTCATA ins PolyHighResolution LG1 220259
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117 LG2 0.000 B018-04 AX-89872384 TGCGCTAGATCTAGGGTTTACGAATCGTTTTTTTT[A/T]TATATGAATATCAGTTGTTGTTCGTGATTCGATCT indel-snp NoMinorHom LG2 819529
118 LG2 0.000 B018-04 AX-89904608 CTCTTGGTAATTCTGTCACAAGTCTATCGGTGAGA[C/T]ATTTTCTTTATATGTTGCTGTAACTATATATGCAT snp-snp NoMinorHom LG2 5040476
119 LG2 0.000 B018-04 AX-89866442 GCAGGATAGCCACTTTGGTCATAAAGATCCTGCCA[A/G]TAGAGTACTGTGGTTCAAAATATACTCCCACTATC F1Dsnp PolyHighResolution LG6 2074202
120 LG2 0.000 B018-04 AX-89783800 CCTCTTTAAGCAAAATCATGACGCCTGCATGAAAT[A/G]GCTTAATGAACAGCCGAAGGATTCTGTTGTTTATG snp NoMinorHom LG2 7503405
121 LG2 1.020 B024-45 AX-89783333 CTTTTGAAGCATAATGTATGGCGTGTAAAGGGAGT[A/G]ATACAGGTAACATTTCTATTGTATGTCAAGTAGTA snp PolyHighResolution LG2 3227320
122 LG2 1.020 B024-45 AX-89799161 GCGGCTGCGGTTTCCTTAAAGAGGTTCCAGATGAA[A/G]TCTGTGGCGGCTCTCATCCTTTGCTGGGTGTAGTT snp PolyHighResolution LG6 39317498
123 LG2 1.020 B024-45 AX-89811205 TTGCTTTCTGCAGTATGCAAACCCCTCCAGCTTAT[G/T]TATGTACATTAACAAAAGCAGGAAGTTTTTTATGT snp-in-del PolyHighResolution LG3 20983401
124 LG2 1.020 B024-45 AX-89815365 TAATACTATTGTGCTAATTATCCACGAACTAGTTT[G/T]TTTTTATGATTAAATCGAAGGAATATATATATTAC indel-snp PolyHighResolution LG2 9354617
125 LG2 1.020 B024-45 AX-89819345 GCATTCTTGCCCAAGATGAAGATTGGAAGACTGCT[A/G]CTGCAACTTACTCCAAAGAAACAGATGGGTCTATC snp PolyHighResolution LG2 10268327
126 LG2 1.020 B024-45 AX-89822422 ATGGGGATGTTGAATACTGGCCGGAGGTTTTTCTT[A/G]CGCTCGAGTATGTGGTTGAGGCCGCGGTGGCAGAC snp PolyHighResolution LG2 273239
127 LG2 1.020 B024-45 AX-89823422 AGGAGATCATATCAGGTGCACAACGTATCCATTCA[A/G]CAGAATTCTTGACCGAACGTGCTAAAGCATGTGGA snp PolyHighResolution LG2 9449429
128 LG2 1.020 B024-45 AX-89847586 AAATCCAGAAATATTTCCAAATTCCATACATGTCT[G/T]TTGTTTAGGGTCTCTCTAGATAATTAAATTTTAGT snp-snp PolyHighResolution LG2 6944347
129 LG2 1.020 B024-45 AX-89847620 ATTTGCCATTTGCCATAAAAAGCTTTTACAAGGAC[A/G]AAAAGATAGATAAGTTTGCATCCATTTGTTCTGAA snp-snp PolyHighResolution LG2 9130741
130 LG2 1.020 B024-45 AX-89863082 CATACCAGTTGAAATGGGAGCATCAGACACAGCAT[-/CTACA]CTACAGTTTCAAACTCCTGAAGGTAATCATAAACG ins PolyHighResolution LG2 8990319
131 LG2 1.020 B024-45 AX-89876613 TATCTTGGGCCGCAAGGGGGTGTGCAAAAGAAACC[A/G]TCTACAACTTTCCTAGTTCTTCCAATTCTAGAGGA snp PolyHighResolution LG2 11124386
132 LG2 1.020 B024-45 AX-89877915 AGCTACTGGATGTGCACAATAACTATATTGGTGGC[A/G]AAATCCCATCTCAGCTTGGGGAGCTTGTTAATTTG snp PolyHighResolution LG2 1779141
133 LG2 1.020 B024-45 AX-89904391 GGGATTCCAATTGAATACTACCTACTAGTGCAATA[C/T]AATTCCGAATCGATTACAAAAGACTCCCGAACTAC snp-snp PolyHighResolution LG2 13816221
134 LG2 1.020 B024-45 AX-89911487 CTGCTGCACCAAGATAATGATGGTCCAAAGGATCT[C/T]TGGCTATATCAAAGCGTTTGAAACTGCAAACATCA mSNP PolyHighResolution LG2 3161949
135 LG2 1.020 B024-45 AX-89783407 TCCTCCATTGATTGACTTCGATGCCAGTATTTTAA[G/T]CGAACTTCCTTGGTTTGATCCAATAACATAAGCAA snp PolyHighResolution LG2 3890688
136 LG2 1.020 B024-45 AX-89785484 GATTCTACAGAAAATGGGTTTAATTGCTCGTACAC[G/T]CTTAGCCAATGTCTGCATGTCATGGAGTTCACTTG snp PolyHighResolution LG3 21542003
137 LG2 1.020 B024-45 AX-89799156 GGTTGAAGCCCATCAATGGAAAGGTTGAACTAGTC[A/G]AATCGTAAAGGGGTGGTTTTAGCTAATATATTTTA snp PolyHighResolution LG6 39241892
138 LG2 1.020 B024-45 AX-89803829 CAATCAGTTATACGGGAACTGGATTGCTTGAAACA[-/GTGTG]GCAGCCTGTTTACAAAGAAAACAGAGGCTTGTTTG del PolyHighResolution LG2 805036
139 LG2 1.020 B024-45 AX-89811114 AGAGAATAAGGTCGCGAATGCGCTGGCTGGTACTG[C/T]ATGTATAAGGGAATCTGAAGGCCATGAGGGAGGGC snp-in-del PolyHighResolution LG2 14828052
140 LG2 1.020 B024-45 AX-89820014 CAGGAGATGGCAAATTATGTAGAAGGTCCAGCATC[A/G]CTAAATGATGCTCTGAGTGAAGGATTGAGTCCATC snp PolyHighResolution LG2 13949291
141 LG2 1.020 B024-45 AX-89847400 CGGGACTCAGGATTCTAGGTAAGATGAAACCAATG[A/T]GAAACATATGAGCTCGCACGGATACAAGTACAGAC snp-snp PolyHighResolution LG2 206244
142 LG2 1.020 B024-45 AX-89851307 ATCTCTCTGTTTCTAGCTTCTCCGATGGCTTCCAC[C/G]ACCAAAGAAATCGTCTCAGAGATCCCAAATCTCAT mSNP PolyHighResolution LG2 11916991
143 LG2 1.020 B024-45 AX-89911104 GAGGCACACAGCATCTTCTCAAGTTCCTCCCCAGT[G/T]AGTCTCCATGTTGCAATCGTAAAAATCAACCACCT mSNP PolyHighResolution LG2 173881
144 LG2 1.020 B024-45 AX-89819506 GACGTTGACGCTGCACGCAACTTCGACAGACAGTT[A/G]AAGAGTTTGGCCTCTCTGGAGCACCCTGCAAATGT snp PolyHighResolution LG2 1130731
145 LG2 1.020 B024-45 AX-89819829 TCGACCTCAGTTAATCCATTATTCCCAAAGCCTGT[A/C]AGCGATCTCTCTCAGTGGGTAGAGCACATAACAAA snp PolyHighResolution LG2 13106297
146 LG2 1.020 B024-45 AX-89823241 TAGTTGATCATTACCACTATCTTCAAAACCAGTAG[A/G]GAAGCTGATAATTTGATTAACAACTTCAGGAGGAA snp PolyHighResolution LG2 780047
147 LG2 1.020 B024-45 AX-89847220 CTTGGTGAAAATGTGGGACGATGCAGAGCAATACT[G/T]TCATCAGGTTATAAATTGAACTGTATCAGTGTAAC snp-snp PolyHighResolution LG2 10837978
148 LG2 1.020 B024-45 AX-89867089 TGGTTATATACGTACATTATGTCAAACATGAAGTA[A/G]TAATGCATTTTAATTATTGAAGATTTTGTTATTAT snp-in-del PolyHighResolution LG2 6054562
149 LG2 1.020 B024-45 AX-89867126 TTCTCTGACAAATCTGAAGATGCTCTGCAAGGGTG[G/T]TGTTGTCCATCTGGGAACTTTTGGTGACCTTAAGA snp-in-del PolyHighResolution LG3 21507777
150 LG2 1.020 B024-45 AX-89869609 AGGATGCCGAAGGAAGGCCACGAAAAAACAATGCC[A/G]ACGAAGGTATGCTATGGAAGATGAAGGCAAGAGCG codon-based PolyHighResolution LG2 14189934
151 LG2 1.020 B024-45 AX-89872371 TAGCAATTTTATTAATCTTTTTGTTCACTTCTAAT[G/T]TATGTGTTTTTTTCTTCTTTTGGTTGGTAATGAGA indel-snp Other LG2 559635
152 LG2 1.020 B024-45 AX-89879580 ATATGTGAAATATCACCTTTATTTGTCTTTAAGGC[C/T]AGTCATCTATCTGGTGTCAATTCTCTCCATGTTTA snp PolyHighResolution LG2 2579545
153 LG2 1.020 B024-45 AX-89907292 TAACGGAAAGGTGACTTGGTAATGAGAGTTCTCCA[C/G]GTCTTCTGCTGAGGATGGTAGATTTGGATGTAAAG mSNP PolyHighResolution LG2 12538322
154 LG2 1.020 B024-45 AX-89907330 CCCTTCCCCTCATCTTCTTCCTCTCCTCCATATCC[C/G]TTTCCTTCATCTTCACCTTCTTCCTTTCCTTCACC mSNP PolyHighResolution LG2 14656464
155 LG2 1.020 B024-45 AX-89781233 CGTTAGCATCTGTCAGTATTGAGTATTCAAGAAGC[C/T]CAGGCAACAACTTTGAACTGCTCTTCACAACAAAA snp PolyHighResolution LG2 12313463
156 LG2 1.020 B024-45 AX-89783269 ATGGTAGGTGCTGTATTGACGACATTCAACTTGGC[C/T]GTCGCTACCGGTGTCATCCTTAGAAGGGCACCAGG snp PolyHighResolution LG2 2635028
157 LG2 1.020 B024-45 AX-89815366 CCCAAACTATACCACAAATTTTGGCTCCACCATTT[C/G]TAAACTCCAACAAGCAGAAAGCCAATGGAGAATGA indel-snp PolyHighResolution LG2 9364548
158 LG2 1.020 B024-45 AX-89854938 CCTCAGAAGCCCTTGACATTTGTTGAGAGGGCATC[C/T]TATAGTGTTGTCATTCCTATAGGGTTAGTAATTGC mSNP PolyHighResolution LG2 13757641
159 LG2 1.020 B024-45 AX-89880025 CGTACGTATATTGTGGTACATGCAGGGGATCTCCA[C/T]TGATTATGATAACTTCTCTTTCAATATCATAACTC snp PolyHighResolution LG2 5315398
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161 LG2 1.020 B024-45 AX-89785426 AGGACCTACGAGATCTGTTCACATTTCATGAAAAC[A/G]CGAGGTATTTCTATCTTCAAATCCCTTTCCAGGTC snp PolyHighResolution LG3 21217627
162 LG2 1.020 B024-45 AX-89820384 CTCGTAGACCGACAAATGAAATATACATGTTCAAC[A/G]ACGACGTCCTAAGGATGCATAGTGTGAACTTCCAA snp PolyHighResolution LG2 162068
163 LG2 1.020 B024-45 AX-89822895 GTTGCCTTACTCTTCCTTTGCACTTGAGTCCATCC[C/T]GGGGATGGAGGGTTGAGATCCTCATTAATTGGTTC snp PolyHighResolution LG2 5485143
164 LG2 1.020 B024-45 AX-89847287 GAAGTTGAAAACTAGTATCGACCAAAAATATGGGG[C/G]AAATTGCTCACATTAAGCATTTGTTGCCTAATTAA snp-snp PolyHighResolution LG2 14442813
165 LG2 1.020 B024-45 AX-89867040 ATAATCTTGGAGATTTCTCACACTCTAAAGGTTAT[G/T]ATGACTATCCCTCCATGGTGGAGATATTTTGCATA snp-in-del PolyHighResolution LG2 10253699
166 LG2 2.030 B081-02 AX-89783818 AGCTTGGCCAATGTTAAAATCGGTTTTAGAAGAGT[A/G]TGGCATTACTTGCACGATGTATCAGGTATGCCCAC snp PolyHighResolution LG2 7657239
167 LG2 2.030 B081-02 AX-89851705 CTTTGCGCAGAACTCAGAAATTTGGTAATGCAACC[C/G]ATGATTCTACCTATGGTTCTCATGATTGCCGAGTC mSNP PolyHighResolution LG2 7609672
168 LG2 4.082 B057-06 AX-89809301 AGAATGCCTTGAAGATTACTTCACATTAGATACTG[A/C]AAAAGACAACCAGCCTTGCCGACGGAGTTCCGGTT F1Dsnp PolyHighResolution LG2 14951025
169 LG2 4.082 B057-06 AX-89820208 GATGTTGGATATCAATAACAGTGGTGTTGATGTTG[A/G]TGATGAAGTAATTTGTGTGTGCATTCATAAGTGTA snp PolyHighResolution LG2 15195928
170 LG2 4.082 B057-06 AX-89854980 ACCTTCAATCTGGTGATCGTTTCGGGTTTACGTGC[A/C]GAGGAGGTGTTGGAATTGGCTCGTGATCGGCTTTC mSNP PolyHighResolution LG2 14950727
171 LG2 4.082 B057-06 AX-89855007 GTTGCTATAATTCTTGGTAGGCATCCTAGTGGACC[G/T]GTGTTATGAATCCAAAAATTCCTAGCCCCCTGGTT mSNP PolyHighResolution LG2 15183970
172 LG2 4.082 B057-06 AX-89806632 AATGATGAGGCCACCTATTTCTGTTAACAACTGGG[-/GAC]GACCACCGCCACCACCACGTGCACCGCCACCACCA ins PolyHighResolution LG2 15140796
173 LG2 4.082 B057-06 AX-89904413 ATGTAAGTAAAGGATATACAAACTACTGACTAATT[A/G]AAACCAAGGCATTCTGATTCTGAATGAGTTCCTAG snp-snp PolyHighResolution LG2 15414300
174 LG2 7.229 B174-02 AX-89896024 ATCAAAAGTCTCAAGACTGTTTTCAAGTCGTGCTG[A/G]GTTTGGGTTTGCTCGAATGCAGAATGTATTCATCT snp PolyHighResolution LG6 21286929
175 LG2 7.229 B174-02 AX-89896025 TTTGCTCGAATGCAGAATGTATTCATCTTGATGAT[A/G]ATGATGGGTTGATTTAGATTGCTGGGTTCAAGAGC snp NoMinorHom LG6 21286972
176 LG2 8.239 B093-08 AX-89820500 CAAGATGCCTTCGTGTATGTTTTCTTGTCAAGATA[C/T]AATTCATTTGAATTTGACTGGATGTCTGCTAAAAC snp PolyHighResolution LG2 16762963
177 LG2 8.239 B093-08 AX-89803538 GAATATTTTAGACCAAGTTGCGAACCGAAATGTAG[-/AAT]AATGCTGCTGCTGCTGCTGTTGTGTTATTAGCACT del PolyHighResolution LG2 16735563
178 LG2 8.239 B093-08 AX-89820448 ATCACAGGTGGTATGAATCCCTTTCCAGTTGATGG[A/C]CTGATGATCCGCCTCCAAGCTCAACCCGTTTCAGC snp PolyHighResolution LG2 16515476
179 LG2 8.239 B093-08 AX-89851402 TTTCCTCTTACAGTACGTCTTCTTTCAACGATTCC[A/T]GTAGTACTTCATGCAGTTGGTGGGGATGACGGACC mSNP PolyHighResolution LG2 16425858
180 LG2 8.239 B093-08 AX-89877435 CGTTTACTAGCCAACGACTTGTGAGTGAATCCATA[G/T]ATTTGAAGAACCTGATTATCACCAAAGTTAAACGC snp PolyHighResolution LG2 15797081
181 LG2 8.239 B093-08 AX-89781902 TTTTGACCTAGAAAGAATCCAATCTGCTATGCAGG[A/G]CGATGCTGTGTTTCTTGATTGGAGAAATTGGACAT snp PolyHighResolution LG2 16583574
182 LG2 8.239 B093-08 AX-89820441 TTGCAAGAAGTGGGAAGGGTAATTGAAGGTGGTAT[C/T]GAAACGCAAAAGATTGTGGAATGCTAAGGATTGCT snp PolyHighResolution LG2 16485328
183 LG2 8.239 B093-08 AX-89869639 GTTTTCGACAATATGAGGAAATGTGTAACCCCATA[A/G]GGCCCAGCAACATTCAGAAAGTCCTTGAGAGTGTT codon-based PolyHighResolution LG2 15932663
184 LG2 9.249 B158-03 AX-89782002 AAACCTGTGCTGAACATGAAATCCAGATCATCTCC[A/G]CTTGATTTACCATGTCTGGTGGCTGAAGATTCTAC snp PolyHighResolution LG2 17056223
185 LG2 9.249 B158-03 AX-89782010 GGACTGCTATAGCCACATCAAGCAGCTTGGAGATC[A/G]AGAACCAAGACTATAGAATTCCAACAATGGCAATG snp PolyHighResolution LG2 17084166
186 LG2 9.249 B158-03 AX-89904447 GTAACCCATTTCCAAAGCTCCTATCTTTCTCTTCT[A/G]GGTTCCTCTCAATTTGACTAAAGCTTCAATCTTTG snp-snp PolyHighResolution LG2 17009194
187 LG2 11.290 B092-02 AX-89803560 AACCTTGGCTTTTTTAATGAGATTTAGGCACTAAA[-/CAAT]AAAAAAGGACAAAAGACAATGACAAACCCTCATCC del PolyHighResolution LG2 17405018
188 LG2 11.290 B092-02 AX-89867671 AGAGTACTTTGCACAGGTCTCCAAGATCGATTATG[A/G]TTGAAGGTGAATTTAAGTATAGCATATGAATGTAT SNPinIns PolyHighResolution LG2 17457562
189 LG2 12.300 B115-03 AX-89810426 TTACTTGGACCGAAGCTTTACCAGGTTTGATCCTT[A/G]CTGGATTTACAGAGTTGGCGGTTCTTCAAGTGGTA F1Dsnp PolyHighResolution LG6 13564268
190 LG2 12.300 B115-03 AX-89783173 AGCTCTTGTAGGAACTTCTCAAAAGCATCAAGCCT[G/T]ACTCTGCCCTTGATCTCAAGAGACCTAGGCCAATC snp PolyHighResolution LG2 2375975
191 LG2 12.300 B115-03 AX-89914439 CAGGACATGAAGCGACCATTTAAACCAATGAAGGA[C/T]CTGAACATGCAGGAAGTAATTGACAATATAATTCA mSNP PolyHighResolution LG6 13448235
192 LG2 18.715 B163-02 AX-89878842 TTACGCACAAATGCAAAGCCGCTAGGCTTGTATAT[A/C]GGACCTGCTTTCATATAGCCCTTGCAGTAACATGC snp PolyHighResolution LG2 21176361
193 LG2 18.715 B163-02 AX-89878840 GTGAAGGGGAACAGTTGAAGGAGGAGAGCATTTGT[C/T]TTTCTAATAGCTCCACTTGCTTCTTCTCGTTTATT snp PolyHighResolution LG2 21167620
194 LG2 21.819 B098-02 AX-89806744 TGTCGTAACTCATAAGAAAGGGAAAGTGCTTAACC[-/ACGT]ACTAGACTAACTTAACTAGTCGTAGTAGACTAACT ins PolyHighResolution LG2 21206178
195 LG2 21.819 B098-02 AX-89878860 CTGAGTTTTGTGCACACAAAGTTGGGTACAAAACC[A/G]TCACCGGAAGTGGCGTATTTCTCTTCAAGAGGACC snp PolyHighResolution LG2 21286463
196 LG2 23.860 B159-04 AX-89907504 GAATGGACCGGGGAAGAAGTTTGAGCTCTCACCTG[C/G]GGCTTGTGTGGAGGTAATCACACAACTTTGTGAGG mSNP PolyHighResolution LG2 20477197
197 LG2 23.860 B159-04 AX-89847399 TACATTCGCTTACAAACAAGTAAATTATAAACACA[A/G]ACTATAACAATCCAAATAGTCGGACATTGTATGAA snp-snp PolyHighResolution LG2 20586435
198 LG2 23.860 B159-04 AX-89872343 GCTAGCTCCCCTCTTGTTTCCAGCGGCAGCTGGTA[C/T]TCAGTTGCAGCCAACAAAAACAAACCACCCAAAAT indel-snp PolyHighResolution LG2 20728784
199 LG2 23.860 B159-04 AX-89904517 CTATATACAAATATAGCGCATTACATAAAAGATTT[A/G]ATTTGAGATATTAGTGCAAGTCATCAGAAACTTGG snp-snp PolyHighResolution LG2 20655354
200 LG2 26.964 B080-02 AX-89811139 ATCTTTGATCTTCTGTATGTAATAATTTGGTTGAG[A/T]ATATATATATGCAGTTTAGAAGTAGCAAATTAAGA snp-in-del CallRateBelowThreshold LG2 20051356
201 LG2 26.964 B080-02 AX-89851521 ACATACAGTATTACAAGAATCAAGTTCAAAATCTG[C/G]TAAAGATTCACTGCTCCAATTCTTTGACCGTCACT mSNP PolyHighResolution LG2 20001688
202 LG2 29.026 B097-05 AX-89782515 CTCTGCTGGTTGCTCAACTGCCAATCTGTTGAACC[A/C]CTTCCACGTCTCCACTTTCCTTTTTTTCTTCTGCG snp PolyHighResolution LG2 19840457
203 LG2 29.026 B097-05 AX-89821279 TAACGGCAGTTGTTGTTAGCTGTCGTGGCAAAACC[G/T]AGAGCATCTGATTTTGCCGTTGGGCCGATTGGCGG snp PolyHighResolution LG2 19742487
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205 LG2 29.026 B097-05 AX-89851511 CGAGCTCTTCCCTCAGCCTCCAGTTGAGAGATCCA[C/G]TTGGCTGTTTCGGGGGAGGCTAGTTTATCCACCAC mSNP PolyHighResolution LG2 19816605
206 LG2 29.026 B097-05 AX-89878440 GGTTCTCGAACCTCTTCTCTAAACTGCCATCCTAC[A/C]GCTGCTGGTTGCTCAACCGCCAATTCAATGAGTTC snp PolyHighResolution LG2 19809506
207 LG2 40.510 B101-02 AX-89783066 ATGTTCTCTGGTTAACAGCATTACCAAAGGGATAT[C/T]GTGCGTGGTGTGGAAGGGTATATTGTAACTGGTTC snp PolyHighResolution LG2 22680594
208 LG2 40.510 B101-02 AX-89879258 GCCCATAAACGCAAATATGAAGCTGTATTGGACAC[C/T]GCTCCAAGAACAAATTCTATGGTATGTATAAGTTG snp PolyHighResolution LG2 22702169
209 LG2 44.722 B165-02 AX-89860892 ATAACGTGCAGAATTAGAGTTTTGCAACAAATATT[-/AAG]AAGTTGTGTGTCTAATACATTGATCCACATTCATG del PolyHighResolution LG2 22427116
210 LG2 44.722 B165-02 AX-89783024 CCAACTGTTGCAAGAAATTAACGTTAGTGACGATG[C/T]CGACCCTCAAGTCTGAAACTTGAAAGAGACCCAGC snp PolyHighResolution LG2 22437299
211 LG2 47.816 B100-02 AX-89803685 AAAAGAATCTAGGGAAACAGCTAGAAATGGAACTT[-/TCA]TCAAAAAAAAAAAAAAACGTACCAGAAGGGCTTTG del PolyHighResolution LG2 22329904
212 LG2 47.816 B100-02 AX-89879142 TATCAATTTAATTTTTATTTTATGTCAAAGGTTGG[A/G]AGTTCTTCACCAGCATTCACATCGAAGGGAACAGA snp PolyHighResolution LG2 22326965
213 LG2 49.857 B099-06 AX-89911363 AAGGTTTGAAATAACATCTTCCTCCATCATATCAA[C/T]TGACCCATTATTTGAGAAGAATTCAGAAAACAATG mSNP PolyHighResolution LG2 22188812
214 LG2 49.857 B099-06 AX-89782963 TGTTTAACACCAAAACGGTCCTCAATTACAGTATC[A/G]GATATCTAAAATTTGGTTAAAGAATGTGTATGCAT snp PolyHighResolution LG2 22188449
215 LG2 49.857 B099-06 AX-89879089 ACCCCTGCAATTCCAGGAGTACCCCAGGAAGCTTT[C/T]GCACGTAATGCAACTTGAGTACTTTCTCTCTCGTT snp PolyHighResolution LG2 22189738
216 LG2 49.857 B099-06 AX-89867738 TTTAGAAAGCGGGGACTTTTGGGAATTGAAGCTAG[G/T]TTTTTTTTGGACATTTGGGGAACAAACTAGCTGGG SNPinIns Other LG2 22268691
217 LG2 49.857 B099-06 AX-89821968 TAGTTGAGACAACCATGAAGCACGTACTTCTCAAC[A/G]AGTGAAAATCCATATTGAAGAGACAAGGGTAGCAC snp PolyHighResolution LG2 22271681
218 LG2 49.857 B099-06 AX-89879124 GAAAAATCGCAATTCTGAGCATCATGACCGGCGGT[C/T]TGATAGAGGATGTTCATGGCATAAGCAGCGTGGGA snp PolyHighResolution LG2 22279702
219 LG2 51.919 B064-03 AX-89806758 CTTAATTACTTGTGATCAGTTTTAATCTGTTATGC[-/TAAT]TAACATGAGTCGTGTAATATTCTAGATATCAGCAT ins PolyHighResolution LG2 22114683
220 LG2 51.919 B064-03 AX-89782943 GACTTGGAAGGGAATATCTGCCTTAACATTCTTCG[C/T]GAAGATTGGAAACCTGTCCTCAACATAAGCACTGT snp PolyHighResolution LG2 22117306
221 LG2 51.919 B064-03 AX-89821925 ATCGCAGGGCTATTATCGGCATTGATCAGCACTCA[C/T]AAGAATTGGGTGTCTTGCTGAGCTTGATGGCGTTT snp PolyHighResolution LG2 22129621
105
222 LG3 0.000 B136-06 AX-89784288 GTATCTGATGATGGTAAAGTGGCAACTATCAATGA[A/C]GAGAAACCATTCTTGTTATGTGGTTCCAAGGTAGT snp PolyHighResolution LG3 1195740
223 LG3 0.000 B136-06 AX-89784389 TGAAGTAGAGAAGCTGGATGAGAAACACAGACTCA[A/C]GCAAACTCTTCTAGAACAAAAGGTGTGTTTTGATA snp PolyHighResolution LG3 1246849
224 LG3 0.000 B136-06 AX-89823981 GTTTCGAGTTTCTCAGTCAATCCTAATTCGTTTTG[C/T]CGTTCCCCTAAAACAGAAAAGTCCAGTAACTTCTT snp PolyHighResolution LG3 1248328
225 LG3 0.000 B136-06 AX-89847709 TTGTTCTTGCTTCTGGATGTCAAAGGAAAGGGCTC[A/G]CAACAAGCATACAAAAAATAAATCTGATTTCTCAA snp-snp Other LG3 1302734
226 LG3 0.000 B136-06 AX-89784287 CCATGCAATGAGACAGACTGCAGGAACCATTACTT[C/T]GATGGTTGACGTCATCAGAGGGGGATCGCCATGTG snp PolyHighResolution LG3 1195571
227 LG3 0.000 B136-06 AX-89784285 TCAACACAGAACCTCCTGTTCAAGGCTTCTTCAAA[C/T]TGCTCCTTCAGTACAGCAACAACTATATCATTATC snp PolyHighResolution LG3 1195345
228 LG3 1.010 B073-03 AX-89784188 TGTGCTGATGTACATAGTTACCATGTGAAAATAGA[G/T]ATCTACACCGCAACTTGCTGGAGGGCACTATACCA snp PolyHighResolution LG3 1103921
229 LG3 1.010 B073-03 AX-89823777 ATGTCATGCAGTCCCATGCTGCAGGATTAGGAGCA[A/G]AAACATAAGCTGGACATGTAGTGTTGGTGCCGAAG snp PolyHighResolution LG3 1134618
230 LG3 1.010 B073-03 AX-89847654 GAAGCAGAGGCGATCACTTTCAGCACCTGGTTTCT[C/T]TTCGGGTTCCCTTCGGCTTTGTTACTGTTCTTCGC snp-snp PolyHighResolution LG3 1062377
231 LG3 2.021 B094-03 AX-89912678 AAAGGAAACAAGGGGACTTATCGCTGGATGGCGCC[A/G]GAGATGATCAAGGAGAAACCTTGTTCTAGGAAAGT mSNP PolyHighResolution LG3 950813
232 LG3 2.021 B094-03 AX-89828232 GCTAGGGATAGAGCGTCGGTGATTACGAAGACCAA[A/G]AAGAAAGGGCTGTGAAGAAGGCGTGGAGTGCCACT snp PolyHighResolution LG3 836416
233 LG3 2.021 B094-03 AX-89870419 AGACTTGATCTCTTCTTCTTCTTTGTCCTCCAGAA[A/G]GGTTCAGAAAGTGTCAGGTGTGAAGTGGTGGCTTC codon-based PolyHighResolution LG3 913194
234 LG3 9.562 B111-08 AX-89824856 GGTTTGCTGTTGGGTTCTTGTACACCATTGTGGGG[C/T]TGCTGCTGGCGTTTCTTACTAGAGTGCTTGTGAAG snp PolyHighResolution LG3 196333
235 LG3 9.562 B111-08 AX-89884902 TCAGTCTTCACCGAGAACTGTCCGCGCATTGCATA[C/T]TCTGGAGGCATGTAACCACTTTAATCGGCAACATC snp PolyHighResolution LG3 65318
236 LG3 9.562 B111-08 AX-89786157 AAGTATCTGACATAGTCTCGGCCAATGTTCTTTAC[A/G]ATACTGTCTAAAAGATATAGTGAAGGCAGCTTGTG snp PolyHighResolution LG3 263362
237 LG3 9.562 B111-08 AX-89827846 GTCTGCTGTGCACTGCACAAGGGTGTACAACAGAT[C/T]AAAATCTGTGAAGCTCACTTCTTTTGTTGCGAATT snp PolyHighResolution LG3 66755
238 LG3 9.562 B111-08 AX-89827972 ACAGTACTTTTGGACACCATCTTTGGCTACAGTAG[C/T]AACACATTCTTGGCACAAATCAGGGGTGAGATCTC snp PolyHighResolution LG3 72593
239 LG3 9.562 B111-08 AX-89880750 CTTAATTTTACCTTTATTTTGTTGTTGCTTGGCTC[C/T]TTTTGATTTGTGAATGAAACATCTGACCACAACCG snp PolyHighResolution LG3 103380
240 LG3 9.562 B111-08 AX-89848221 ACAACAAACATGATTTTCTTTTGATCTGGAAATGC[A/G]TGGCATAATGTACACCTTGTTTACTGATTCTAAGG snp-snp PolyHighResolution LG3 69976
241 LG3 9.562 B111-08 AX-89907896 TCGCTCTGACTGTCTTGCCTCCGATATCGAAGGAT[C/G]GTGGCTCCTTTTGGATCAGTTGCTGTGCTGCCGCA mSNP PolyHighResolution LG3 226194
242 LG3 10.572 B084-03 AX-89904988 TGGAATGATCGAGCACACCAGTGGACAGAATATTG[C/G]TCTGCTCCGGTAGAGCGTTGCGATTTTTATGCACA snp-snp PolyHighResolution LG3 3289977
243 LG3 10.572 B084-03 AX-89787005 CAAAATACATTTAATTATGTTGAAGGATTTGTGAT[A/G]ATAAACAGGACTGGTCTGCTAAACAACTGGAGATC snp PolyHighResolution LG3 3261824
244 LG3 10.572 B084-03 AX-89856510 ACGCATCATATCTGCAGCCACAAACAATTTCTCAG[C/T]GTCTAATAAGCTTGGAGCAGGCGGTTTTGGCTCCG mSNP PolyHighResolution LG3 3295909
245 LG3 20.580 B013-04 AX-89828132 AGGTGTGGCAGCTTGAACTGTATAAAATGGATAAA[G/T]TTCATATCGAACATTACAACTAGGATATAAAACTC snp NoMinorHom LG3 79384
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247 LG3 20.580 B013-04 AX-89827792 TCATGGCTTGGTTTCTCAATCACGGCAATCGACGC[C/T]GATACCAAGTGGAGTTCTCTTCTCCCACCCACGTT snp NoMinorHom LG3 6354487
248 LG3 20.580 B013-04 AX-89856137 GAGCCATGTGTTGTTCTTTCAATCTCAGTCGGGCC[A/G]CTTCGCTCTGACTGTCTTGCCTCCGATATCGAAGG mSNP NoMinorHom LG3 226156
249 LG3 24.782 B012-02 AX-89825420 CGCCATCTGTTGATGTAGAAACCTTCAGGGAGATC[C/T]TTATCATATGGGGAACGAGTTGATGGTGGCCTGTA snp NoMinorHom LG3 2282556
250 LG3 24.782 B012-02 AX-89883184 CGCGGGCAGTTGACCCTGCTAGGATCAGCTGGTTG[C/T]GTGATGCTCACAATGCATTTCACAGTCCAGTTATT snp NoMinorHom LG3 2649983
251 LG3 33.571 B151-02 AX-89826355 TCCTCATGCTCCAAGAGCACCTGCATATCATCCTA[G/T]TCCTTGCCCACCTGCATATGGAGGTAGCATAGTTA snp PolyHighResolution LG3 2817463
252 LG3 33.571 B151-02 AX-89826340 CTGATGGACTATGCCATAAGCTTGGGAGCTTCCAT[C/T]AACCAATACAAGACACCAAGGTGTGTGAAGTTTGC snp PolyHighResolution LG3 2805063
253 LG3 34.581 B074-03 AX-89912022 CTGTAGGAGTCGTGATTATGAACAAGATAGGCATC[A/G]TGATCATGATCAAGATAGAGATAGGAGGCATAGAC mSNP PolyHighResolution LG3 2212472
254 LG3 34.581 B074-03 AX-89807105 ACAAATGCTGTACTTAATTAAAACCAAACTCCATT[-/AGCAC]AGCATACCATGCTTCTGATGGTTAGATAATAACAC ins PolyHighResolution LG3 2412672
255 LG3 34.581 B074-03 AX-89847913 CAAAAATGAATAAGCTCTTCCATTACCTTTTATTG[G/T]TGGTTGGTCGGTCGGTCGATGAGTTATCATCATCG snp-snp PolyHighResolution LG3 2407643
256 LG3 44.528 B137-02 AX-89784805 GGCTGAAAGACAATTGAAAGAGGAGGAAGAAAGAG[A/G]CAAGGAGCTTCAGAAGCACTTTGAAGAGCTCAGAG snp PolyHighResolution LG3 1608169
257 LG3 44.528 B137-02 AX-89784784 TGACCATATGTTGCTTGAGAATGAAGAAAGCTTGA[C/T]GAAAGCGGAAGCAGGCATTGAGTAAGCAGATATGT snp PolyHighResolution LG3 1582812
258 LG3 45.548 B114-02 AX-89787170 TCAGAGGCGTAGGAGTGTTCTCGAAGATGATGATT[A/G]ATTTGAATTTGTGCGTTACAGTTGAAGACTTTGGC snp PolyHighResolution LG3 4204996
259 LG3 45.548 B114-02 AX-89912468 ACAATATTTTGTTGGTATTGGGGATCCTTCCCAAC[G/T]GTATAAATAACCTGTCACAAACATCACAACACATA mSNP PolyHighResolution LG3 4161954
260 LG3 46.568 B061-03 AX-89815448 AAACTTTTGTGCCTATTTCTATTACAAAGTATACT[A/G]CTGCCTATTGATTTTCATTCAAAAAACAGTATTTT indel-snp PolyHighResolution LG3 4102567
261 LG3 46.568 B061-03 AX-89861224 AGGTAAAGTTAATATCAAACCACCAGCCCGTATCC[-/TGA]TGTGTAATCATGCATTGAATTGTAAAAGCATCTAG del PolyHighResolution LG3 4336073
262 LG3 46.568 B061-03 AX-89884386 ATTCCTTCATCTCCTTCGGCAAGCTGGAAGGGTAT[C/T]TTTGAGGCTCGTGATTTATTGGTTAACGGTACACG snp PolyHighResolution LG3 3960913
263 LG3 50.923 B160-04 AX-89868049 CTTATAGTTAGGGTTATTGTTTAACTCCAATATTT[G/T]CGACTCTACAAAAGCATGATTGAAATATTCAACCA SNPinIns PolyHighResolution LG3 5141756
264 LG3 50.923 B160-04 AX-89884650 ACATCACCTGGAGCCATATAACCAATGGTCGCTAG[C/T]GTCATCGTTTGAGTCATAGAATCTCCTGTGCCTAA snp PolyHighResolution LG3 5162330
265 LG3 50.923 B160-04 AX-89787279 ATTGAGACGGTTTTAAGGTCAAGATGTCAAATAAT[C/T]GTGCAACATGGTATGATCTTATGTTTGATTATAAT snp PolyHighResolution LG3 4899950
266 LG3 50.923 B160-04 AX-89908122 GTTGGCGTATCCTTGTTTTTGGGTTTGTCTGTGCC[C/G]GAGTATTTCAGGGAATACAGTATAATGGCTCATCA mSNP PolyHighResolution LG3 5142743
267 LG3 55.222 B009-14 AX-89807307 TTGGTTGTGGGGGAATATGGTGCAGTACAGGACTA[-/CTAG]CTAGTACTCTAATTCGTTTCTGGTTTCTGGTTTTT ins NoMinorHom LG3 6218297
268 LG3 55.222 B009-14 AX-89832059 AACCAGTCTGCAAACTCATCAAAATGAATACGTGC[A/G]ACATCAACATCATTGGCATTAGGATATTGATTTTT snp NoMinorHom LG4 8709325
269 LG3 55.222 B009-14 AX-89827368 AGTTGTTGAACCAAATTTCCCTAGGGGAAGTAACT[C/T]CAAGAAAGTCTCCGTCCTGCCCCTTGTCTTCATCA snp PolyHighResolution LG3 4482253
270 LG3 55.222 B009-14 AX-89828225 CAATCAATTATAGTTCAACTCTCAAAAGCACTTGT[C/T]GGTTCTCAATTGTCAGGACAACCTTCCCTGGCATC snp PolyHighResolution LG3 8354504
271 LG3 55.222 B009-14 AX-89828266 CCTCAAATGACGACACGATCTAATCAAACTACGTT[C/T]GTCTCCTCTGTTCTCCTCTTCCTTCTCCTTCTTCA snp PolyHighResolution LG3 8477772
272 LG3 55.222 B009-14 AX-89848194 GCCATTTCCTGCTATTCTGGTTATAACCAGGAGGA[C/T]TCTGTCATTATGAATCAATCCTCTATTGATCGTGG snp-snp PolyHighResolution LG3 5553585
273 LG3 55.222 B009-14 AX-89868103 AAAATAAGCAACATACAGTATGATCTCATGGACCT[G/T]GTTTTTTTCGGTAAAAACTGGTTTGTTGTTTGTTA SNPinIns PolyHighResolution LG3 8533881
274 LG3 55.222 B009-14 AX-89804246 AAGATGCAGCATGTCTCCAAGCCAATCCATGACTA[-/TACTT]TCTAGCTCAGTTGCAGCAGGCGATGACATCCAGTT del PolyHighResolution LG3 5680659
275 LG3 55.222 B009-14 AX-89828219 GCAACTAATACCAGGACAAACCGAGAACTCGACAC[C/T]ACCGCAACAACATCATCACACGCCATCGCGCCCTA snp PolyHighResolution LG3 8335462
276 LG3 55.222 B009-14 AX-89880124 CGTAGCAATGCTCTAGCAAGACTTATTAGCTGCCT[A/C]TGTCCAACACTGAAATTCTCACCACCCTCAGAAAC snp NoMinorHom LG2 6190152
277 LG3 55.222 B009-14 AX-89787464 ATCTCAGTGGAAATGTGAAGCATGTGCTCTGCAAC[C/T]GAGTCTTTGGTACTTGTACTCACCCATTGCCAGTT snp PolyHighResolution LG3 6038343
278 LG3 55.222 B009-14 AX-89813357 CTTTGCTAGCTTGAGTTGGCACTTCGAATTCATCT[A/C]GGGGCTCAACAAACTTCACACCAAGAAGAGCCTTC codon-based PolyHighResolution LG3 5833360
279 LG3 55.222 B009-14 AX-89884820 CTCTTGCTGTGGAAGCTCAGCCCCTTCACACGGTT[A/G]CTCTTGGTCTCGAATTTCGTCAGCATCTGGAAAAA snp PolyHighResolution LG3 5974333
280 LG3 55.222 B009-14 AX-89905021 GATCTGTTTGATATGCTTCTGACTTGGTAATGTTC[C/G]TATTTTCTAACCATGCCATTTGATAATATGATTGG snp-snp PolyHighResolution LG3 6037414
281 LG3 57.316 B025-22 AX-89787848 AACTCTCTGATCTGTTCTTCCTTAAAGTAATATGG[C/T]AACCCACCAAGAAAAACTTGATCAGGAACCTCAAG snp PolyHighResolution LG3 8020545
282 LG3 57.316 B025-22 AX-89807137 GAGGTGGCAAGGCTGGATGGTGGGGTTTATTTAGG[-/GTTTC]GTTTGGTTTGGGTCAGATAGAGAGAGAAACAAATC ins PolyHighResolution LG3 25279029
283 LG3 57.316 B025-22 AX-89807331 AACGCATATGAGAATTGCAAAACAATTCTCCCACA[-/ATT]AGTAGCTACTTGTTTCGAGACTCGTGCCAAAATTA ins PolyHighResolution LG3 7794978
284 LG3 57.316 B025-22 AX-89827892 GTTGACAATATGTGTTACTGAGGTCCATTTTCACA[A/G]CATGACCAGTGAGGTTGTTGCATGAAATCCCTCTC snp PolyHighResolution LG3 6952667
285 LG3 57.316 B025-22 AX-89856252 GCTACAGAAAGTGGATGGACAGAATAGGCCTATGG[A/C]TGTTTGGATTCGAGTTTGGGCCTTCGGGTTTGGAC mSNP PolyHighResolution LG3 25526817
286 LG3 57.316 B025-22 AX-89863482 TCTGAAACTTGCAGAAGCTTTCTCTATCGAAGGCC[-/TTTG]TTCCCAATCTTAGGCATGCCCCCAAAAATCAAACT ins PolyHighResolution LG3 7696032
287 LG3 57.316 B025-22 AX-89885142 CAGAAGTAGTCAGTTCTATTCGTAAATATCGATTA[C/T]GTGTCCTTGTCTGTGCTCCTTCAAACTCTGCACTC snp PolyHighResolution LG3 7621209
288 LG3 57.316 B025-22 AX-89905036 TCTGAAGAACTTGATGTTTGGGCAACTGGTTTGGC[A/G]CTCCTGGAATTCATAGAGAATCAACTCTAGATTGT snp-snp PolyHighResolution LG3 7419378
289 LG3 57.316 B025-22 AX-89912177 CCGGAACCCTAGCCAGGGTGCCGGAAGTGCAGCAA[A/C]CACCACCTTAGTTTGGTGGCCTTCCCATCCGGGCA mSNP PolyHighResolution LG3 25484243
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291 LG3 57.316 B025-22 AX-89786125 CTTGTTGAGATGAAGAAGAGGCTTGGTGTGGAATA[A/G]TGGAATAAGAAAGTCCTGAAATGAACTTATTCGTT snp PolyHighResolution LG3 25710516
292 LG3 57.316 B025-22 AX-89804267 GTAAGCTGTGTGCTCGAGGGAATTCTTCCAGCCAA[-/GTT]GTTATAGGACAAATTCAAGTGAGACAAGGAGGTTA del PolyHighResolution LG3 6944053
293 LG3 57.316 B025-22 AX-89870385 AAGAAAATATAGAGAAATTGTTGGAATGCATTACC[A/G]AACAATGGGAAGGTTATAGTCGTTGAGTACTGTGT codon-based PolyHighResolution LG3 7140501
294 LG3 57.316 B025-22 AX-89804264 AGCAGGAGTTGGTGTTCTGTTGAGCTACAAGGGCT[-/TGA]TGGCATCATAAGCGGTGCGACAATTCCTTTGTATA del NoMinorHom LG3 6671024
295 LG3 57.316 B025-22 AX-89815420 CTGCCTTTGTAGCTCTCTAAGCTCTATTCTTTGGC[A/T]TTAAGAGCAAGCTAGCTAGTTGCTCGATTTATAAT indel-snp PolyHighResolution LG3 25032526
296 LG3 57.316 B025-22 AX-89828081 ATGATTTGTGAATTTGACAGCCTTTTGCTAAGTGC[A/G]CACCAATGGAATCAGATGAGAAGCATAGTACTATT snp PolyHighResolution LG3 7705604
297 LG3 57.316 B025-22 AX-89904874 TTTAATATCCACATAATCTCCAAATTAGATGAAAC[C/T]GTGCAAGAATATGATTGTATTGCTCGATCGATGAT snp-snp PolyHighResolution LG3 25445107
298 LG3 57.316 B025-22 AX-89828049 GCACTCGATGAGATAGTATTGCGTGTTATGAACAA[C/T]GGTACATTTCTCTTCTGATTTAGGATTTCCAGTTA snp PolyHighResolution LG3 7621274
299 LG3 57.316 B025-22 AX-89884970 AGCAACAACAATTTCACGGGTCAAATTCCTTCTTC[C/T]TTATTCCAAAATTGCACAGAGTTGGTGAGTATTGA snp PolyHighResolution LG3 6815712
300 LG3 57.316 B025-22 AX-89902531 AGCTAACCGTACATCCTCAAAATCATTCCGGGGCC[C/T]TGGCATGGCTGAAGGGTTAAAGGTGATGAACTCCT snp PolyHighResolution LG7 212851
301 LG3 57.316 B025-22 AX-89804089 CTCTGCGAGTCCTCGAAGAAGAACCGGACGCGGCG[-/GCA]GCGGAGGAGGAGTCGGAGCGGAGGAGGCAGTACTG del PolyHighResolution LG3 25008071
302 LG3 57.316 B025-22 AX-89828108 TCTGCGCTGCTAGTGCTGGCCAACTCTAAATTATT[C/T]GACTTCTGGAGAATTTCGAGCAAGTCAGATGCATG snp PolyHighResolution LG3 7808669
303 LG3 58.326 B152-02 AX-89892567 CAGAGCACCGGACTGGCCTGACCATGAGCTTCTTC[C/T]GATGTTTATTGAAGGACTCCGCCCCGAGCTCCGCC snp PolyHighResolution LG5 28166797
304 LG3 58.326 B152-02 AX-89835360 CTACCCCCTCCATAAAATTACAGACACAAAGATCA[A/G]TGACATGATGCGGCTGCGAGGATCCATTAACAACA snp PolyHighResolution LG5 28167328
305 LG3 60.408 B005-02 AX-89785911 TTGCGGAATTGCAATATTAGTGGACAGCTACCTGA[A/G]TATCTTGGGGAAATGACGACTTTGAAAACTTTGTT snp NoMinorHom LG3 24349155
306 LG3 60.408 B005-02 AX-89890207 ACAAAAGCTTGTGACGAGCAGCCACAGATTTGACA[C/T]GGAGGAAGATCAGAACGAAGCCTACTCCAACACCC snp NoMinorHom LG5 14537005
307 LG3 61.429 B030-16 AX-89791249 TTATGGCACTCAAGAAGTTGGACACCCAAGTTGTT[A/G]GTCGTGTATCCATCGTGACACTCTATGGAGATGAT snp PolyHighResolution LG4 6629502
308 LG3 61.429 B030-16 AX-89807769 TGGCCCTTCACATAAGGATCAGCAAACCCTGAAAA[-/AATTT]AAAAGTTTTTGTGTTAATAACCTTGCTGACATGCT ins PolyHighResolution LG5 14636586
309 LG3 61.429 B030-16 AX-89868313 GGTTCAAGTACACCATGGTGTAGTGAATCCACTCC[A/G]CCTATAACTAGGGCCAATTCTTCTTAAAATGGTTA SNPinIns PolyHighResolution LG4 6566466
310 LG3 61.429 B030-16 AX-89912121 CCATTCATGTTGTAGATCATGACCCCCTTTCTCAC[A/C]GCCAAACTTGCTGGTCAATACGTTGCAGTCGATGC mSNP PolyHighResolution LG3 24541292
311 LG3 61.429 B030-16 AX-89804085 AACCTATATAGAAATACATTTGTAATGAGAAAGTG[-/AAACT]ACTGTGAAAGAATGGAGGAGACAATTGTAAATTTT del PolyHighResolution LG3 24795547
312 LG3 61.429 B030-16 AX-89912070 ACGCGCAAGCCCACCTAAGGTGGTTTCTTCTTTCC[A/G]CTTGCACATATTGAAATTCAGTTTGAAGACTATGA mSNP PolyHighResolution LG3 23565183
313 LG3 61.429 B030-16 AX-89912688 TTCTTTTCTAGATGGCTGTAACTATTGGGCGAGAC[G/T]GAAGATGGTTCTGAAGATCCATTGGCAATAAACAA mSNP PolyHighResolution LG3 9650015
314 LG3 61.429 B030-16 AX-89785913 TTTCATTGACCCTTTTTGTGCAGCGATCTTTCATA[C/T]AACAACTTCACCATCAACTCAGGGGCAGTCAGTTG snp PolyHighResolution LG3 24368890
315 LG3 61.429 B030-16 AX-89815528 TTTACAGCAATTATACATGTGTAAATGGAAGACTA[A/T]AGTACTGGGAATATTGTTAACTGATGCAATAAGAA indel-snp PolyHighResolution LG4 6704299
316 LG3 61.429 B030-16 AX-89856164 TTCTGGAAACATGGAGCGGGTCGGATCTTGAAATC[A/C]GGGTCAAGCAGATCCGGGTTGGTGGCGAGCACAGG mSNP PolyHighResolution LG3 23791558
317 LG3 61.429 B030-16 AX-89804694 TGTGTCCTTCTTAATCCAATTCCTCAGTATTTTAA[-/ATGC]ATAAATCTTCACAAGAGATGTCCACCACCAAATTA del PolyHighResolution LG4 6673690
318 LG3 61.429 B030-16 AX-89885495 TACTTTACATCTATATCATGAAGAATTTGGAAGAG[A/C]TTTTGCACATTTCCTGTTTGGTGTGAGTAAGCCCT snp PolyHighResolution LG3 9492077
319 LG3 61.429 B030-16 AX-89804076 TCATATGAAAGTTTGATCTAATATAGCCAGAACGG[-/GAA]GAAAAAAAAATTACGTAATGAATATTGCATCTTTT del PolyHighResolution LG3 24407178
320 LG3 61.429 B030-16 AX-89825698 TTTCGTACACAACGCCAGAGGTTCTGTACCGGGTT[A/G]GGTACGATCTGCCTTCTCATCCACTCCGCCGATCC snp PolyHighResolution LG3 24229223
321 LG3 61.429 B030-16 AX-89882863 CAAAGACACTGGGGAAGACAAACTGGAATTTCAGT[G/T]CTGATCCCTGCAGCGGAGAATATGGATGGATTACT snp CallRateBelowThreshold LG3 24378194
322 LG3 61.429 B030-16 AX-89825729 CAAATCAAAGATGCCACGAAGAACTTTGACATATC[C/T]AACAAGATTGGAGAAGGTGGTTTTGGTCCTGTTTA snp PolyHighResolution LG3 24385235
323 LG3 62.470 B102-05 AX-89851796 ACTTGATAGATCAAATCATTATAGGTGCCAATGCT[A/T]GTGCCGTTTGGATATGCATATGGAATCAACTCATA mSNP PolyHighResolution LG3 13354116
324 LG3 62.470 B102-05 AX-89881287 CTGAGGGCATTGCAGGAGTCAGCAGCTAGTGAGCT[C/T]GCTGCGAGAATGAATGCTATGAGTAATGCCACGGA snp PolyHighResolution LG3 13458252
325 LG3 62.470 B102-05 AX-89784200 TTACTAGACTATGAACTGAATCCAAAAATATCAGA[C/T]TTTGGCATTGCTAGGAGTTTTGGAGGAGATGAAAC snp PolyHighResolution LG3 11190564
326 LG3 62.470 B102-05 AX-89823772 AGGAGACTGGACTACATTCTTTCCTTGAACATTCC[A/G]CTGCATGAAGCTACTAATAAAGGCGAGTTTTTTAG snp PolyHighResolution LG3 11286017
327 LG3 62.470 B102-05 AX-89880912 ACCCTGTAAGCATGCACATAAATGAGGAGAATCAA[G/T]ACTGCAGAGAGCAAATGCACCACAGAAATTATAAG snp PolyHighResolution LG3 11183383
328 LG3 64.563 B091-03 AX-89855873 AATCTCGGCCCTCGAAGCTCGGCTGCAAGATATTA[A/G]CCTTGAGCAGTCGAACGGCGCCGTTTCAAATGGCT mSNP PolyHighResolution LG3 13828410
329 LG3 64.563 B091-03 AX-89867866 AGAAAAAATATTGAGCGACTTGACGCATCCAAAGG[C/T]TTTTCAGAAAGTTCGTGTTTCAAGGGAATGTGAAG SNPinIns PolyHighResolution LG3 14049486
330 LG3 64.563 B091-03 AX-89867116 GGGCATCACGTTGCCTTCAGTTGTGAGTTGTGACT[A/G]ACTAATGATGAATTTGTTTGGGGACCTGTCGGTAA snp-in-del PolyHighResolution LG3 16017711
331 LG3 65.614 B004-42 AX-89785547 ACGAATAGACACAACAAACATATAGATCCTTTTTT[C/T]CCTGACAACATGATAATTTATTCAACATATGCTAA snp NoMinorHom LG3 22135313
332 LG3 65.614 B004-42 AX-89873213 TCGTCCTCCGAATTACAAAAGAAGCATCCATCACC[C/T]ACAAAGATTCTCTTTTTCCTCAAAGATGCAGCAGT snp NoMinorHom LG1 12301200
333 LG3 65.614 B004-42 AX-89786961 GAATCCCAAGAAATCCTTCAGCTTAAGCCTAACTT[C/T]ATTGTGCATGTCCTCTTCCTTCATTGAATCACTAG snp PolyHighResolution LG3 31793954
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335 LG3 65.614 B004-42 AX-89847959 CTCAGCGAAACAACTCCAATAGCTTTCTAGCAGGA[A/C]AGTATAGCAGCTTAGCGATTCCTTTGAGCGCCATC snp-snp PolyHighResolution LG3 26538313
336 LG3 65.614 B004-42 AX-89881754 CTCACACTAGAGTGCGACAACATTTATTGAAAGAA[C/T]GAGGAGTGGAGGTTACCATTTATAAAAAAGTTAAC snp PolyHighResolution LG3 17733715
337 LG3 65.614 B004-42 AX-89881923 GCTAATACTCAATCTTCTCCAGCCAAGCAAGGAAT[A/C]ACGGATGATGAAGCACGTAGAAGTTTGTTCGTCAC snp PolyHighResolution LG3 19201132
338 LG3 65.614 B004-42 AX-89881924 TTCTTCAATCTTGGCATCTTCCAATTCCTTAGGCT[C/T]CGTCTGCAAGCATGGTACTAAGTCTGTGAGGTCTA snp PolyHighResolution LG3 19202230
339 LG3 65.614 B004-42 AX-89882436 CACAAACCACCAATATATCCCATGACTGCCATGAC[A/G]GTCCATGGAACAGCACTAAACCAAGCTGCTTGTCT snp PolyHighResolution LG3 22135030
340 LG3 65.614 B004-42 AX-89911906 AGAGGTCTCAAGTCATGAAGGTCTGCCTCTTTTGC[A/G]CCCCTCTCCAACAATCAAGGCATCCTCAGGTTCAT mSNP PolyHighResolution LG3 19308423
341 LG3 65.614 B004-42 AX-89785076 CAGCAAGATGCTGAGGAATCAAAGAAGCAATTTCT[C/T]GCCTTGTCATCAAAGCTTGAAGAGTCTCAGCAGCA snp PolyHighResolution LG3 19097956
342 LG3 65.614 B004-42 AX-89785716 TATAAGATCTCACCGTTCTTTGAGGGTTAATGTTT[A/G]CTATCTTAAAAGCTTCTACATAGGCATTTTCAAAT snp PolyHighResolution LG3 23224517
343 LG3 65.614 B004-42 AX-89786224 TGGATACGCACTTGCACTGAGAAACATATTTATAG[C/T]AAGGAAGTCGACTCAGGATTTCAACCAAGACACCC snp PolyHighResolution LG3 27061824
344 LG3 65.614 B004-42 AX-89786311 GGACTGTAACGACAGGCTTTGCTCATTCCTTCAAT[G/T]ATCATACTGCTCTCACTTGACAACGGACTACTTTC snp PolyHighResolution LG3 27652296
345 LG3 65.614 B004-42 AX-89793882 CTCACAGTTAAGGTACTTGAAGGACTATGGAGGAA[C/T]GACTTGATGGCACTGAAAGGGGCGTGCCCGAACTG snp PolyHighResolution LG5 28240813
346 LG3 65.614 B004-42 AX-89851618 TGTAGTGGTCCACATAGGAAGATGACGGCTTCTTA[A/T]TGGTGACATGAGTGTCTCTCTGATCAACAGTAATT mSNP PolyHighResolution LG2 23903877
347 LG3 65.614 B004-42 AX-89855517 GATGCTGTATATGAAGGACAGAAAAGAATGAAAGA[A/G]CTTGGCATAACTGGTCCAGAGGGACATTCTCTTTC mSNP PolyHighResolution LG2 24327623
348 LG3 65.614 B004-42 AX-89861058 AAAGTTGTCTAACAACCAAGAGTTTCAATTACACA[-/TCACG]AAAAATATGAAGCGGTGGAGAGAAGATTTAGATGC del PolyHighResolution LG3 17680230
349 LG3 65.614 B004-42 AX-89867889 TTTGCAAGATGGCCCTGATAATATGTTTAGAGTGA[C/G]TCTCTCAGGCAAGAATTGAAAAGCATAGTCAAGAA SNPinIns PolyHighResolution LG3 18556343
350 LG3 65.614 B004-42 AX-89881684 TTTTAGGATTATAAGCAGCAAAGGCCCTCTCAAGA[A/G]CTTGTTGCAAAGGACCTACATGGTGTAGAATGGAG snp PolyHighResolution LG3 17165447
351 LG3 65.614 B004-42 AX-89888410 CTCCGGTTAGAGAATCGTGGTATCTTTTGTCGCTT[C/T]AGTCTTTTCATTCAGTTTAGGTTCGAGGCTGTGGT snp PolyHighResolution LG4 26554670
352 LG3 65.614 B004-42 AX-89904880 TTGATGCAAATGGTTGCTGCAGATTGGCTAAGATC[A/C]GACAAGCGTGAAGATGATCTTGGGCGTCGTCCTGG snp-snp PolyHighResolution LG3 26179239
353 LG3 65.614 B004-42 AX-89904895 GTAGTTAAACGGAGTTAAAGGGCTGATCGGAAAGT[C/T]GGAGGAATAGACTCCTTTTGATTGGCCCGAGAAGT snp-snp PolyHighResolution LG3 27749642
354 LG3 65.614 B004-42 AX-89911419 ACCTCCAAAAACCCATGTTTGGCATATCCCACTAT[C/T]ATTGTAGTCCATGACACAATAGTCTTCTCTTTCAT mSNP PolyHighResolution LG2 22967475
355 LG3 65.614 B004-42 AX-89783507 TAGAATTTGAAGAATTGAGTGTTGCTTATGCAAAA[A/G]GTGAGGTGCATCCTGGCGACGTCAAACCGTCTTTG snp NoMinorHom LG2 4816011
356 LG3 65.614 B004-42 AX-89860700 AACCTACCAGGTTATTATTTGGTAGTAATTTGTAG[-/TTA]CATAGCTTCTGTACATAACAAACAAGGCTTTAACA del NoMinorHom LG2 11246969
357 LG3 65.614 B004-42 AX-89873197 CTAATGCACCAAGCATACACACGCACATAATTGGA[G/T]CATGCCTAGCAGACAGTGCCTGATCATGAAGCTCT snp PolyHighResolution LG1 12195980
358 LG3 65.614 B004-42 AX-89789359 TTCTTCCTTGTCAACAATGATCTCTACTTTCTTCC[C/T]TGTCTTTTTCCTCAGTTTCTTCAATACCTTTTCAG snp NoMinorHom LG4 18525149
359 LG3 65.614 B004-42 AX-89807774 TGGTAGAATATAGGTTTCCTCGATAATATATTGGT[-/ATGC]ATGGTAAGGCCTATATTCCATACCAATATTTTAGC ins NoMinorHom LG5 14835130
360 LG3 65.614 B004-42 AX-89865559 TGGCCTTGGTTTCTGGCTGTTTCGGTAGGCCTTTA[C/T]GGGTTGTACTGTTTTCGAAAGCATTTAGTTGGTGA F1Dsnp PolyHighResolution LG3 23234360
361 LG3 65.614 B004-42 AX-89883261 TCAATTAAGAATAAGATAGTTTCTCATGCTTACTG[A/C]AATTTATCTGCGTTCCACCCAGAGAGATTGCCCAC snp PolyHighResolution LG3 26816395
362 LG3 65.614 B004-42 AX-89784901 AATAATCTCTAGTAAACTGGTGAATAATTAAGAAA[G/T]GCCAACTTGGGAATTTGAAGTTCTGATCCAAAATA snp PolyHighResolution LG3 17401686
363 LG3 65.614 B004-42 AX-89785108 ACTGGTTTTATTTGTTTGTTATGAAGGGATAGGAA[C/T]TTCGAAGATCGTGTAGAGAAAATCATCATGGATGA snp PolyHighResolution LG3 19201334
364 LG3 65.614 B004-42 AX-89786181 GCCGGAGTAGTCAACAGGTATGTTATCCAGACATG[C/T]ATCATCGCCGCCATGGGAGGGCTGATATTCGGCTA snp PolyHighResolution LG3 26663479
365 LG3 65.614 B004-42 AX-89803703 TTTAAAAGATCCCTCTTATAGATGTCTTTATACTC[-/CTT]CATAGTCTTTCTATTTTTCCCCCAAATATAAATTT del PolyHighResolution LG2 23561645
366 LG3 65.614 B004-42 AX-89803721 GCATTTAAACACTGCAACAACATCATCTGACCAGG[-/CATTA]CTCTTGTCTAAAAGTCTAAAACTAAGTCAATTAGA del PolyHighResolution LG2 24461424
367 LG3 65.614 B004-42 AX-89851635 ATGTTGTTGTTATATAAGTCCAAGCTAATGAGGCT[C/G]TTGAGGTTACCAAGCTCAGCTGGAATAGTCCCCTG mSNP PolyHighResolution LG2 24523482
368 LG3 65.614 B004-42 AX-89866796 TTTGTCTTCTCAACCTCACAAATCCCCCACTCCCC[A/G]ATACAACTCTTCTGCAAACATCAACCTCAATCAAA F1Dsnp PolyHighResolution LG7 13250543
369 LG3 65.614 B004-42 AX-89882426 ATTATAATAACTTCTTCCCAGACAACACCTCTTTC[A/G]ACATCATTGACATAATGAACCTCATCAAAGATAAC snp PolyHighResolution LG3 22091470
370 LG3 65.614 B004-42 AX-89867129 TGTGTTTCATTGATTATTCTTCTGCACATTACATT[A/T]CATTTCATTGATACTGACTGATCGACTGAACTGAA snp-in-del NoMinorHom LG3 23239088
371 LG3 65.614 B004-42 AX-89826121 ATGATAACCTTATTGATGACAATGATGACCATGAT[A/G]ACCCCATTGAAAAGCAAAATGAACTATCAATCAAC snp PolyHighResolution LG3 26807970
372 LG3 65.614 B004-42 AX-89847900 AAATGGAAAGGGTGGAATCTTAGATCTTGAAAGGG[A/G]CTCATCATTTCTCAAACAACCAAGGGAGGTGACTG snp-snp PolyHighResolution LG3 23205507
373 LG3 66.654 B019-11 AX-89882061 ATGCACTTGCCAAAGAGTGGATTTGCCCTTAGCAT[A/G]GCTGATGCTTTTGAGATGCCAGTTACTTCTAACGA snp PolyHighResolution LG3 20187770
374 LG3 66.654 B019-11 AX-89847841 TGGTGCTGCTTGTTATTTACTTGCCCTTTAAAAAA[C/T]CCCAAAATTTGATCCATCCATCACAAACATATCTA snp-snp PolyHighResolution LG3 20417252
375 LG3 66.654 B019-11 AX-89867121 TCACGTACGTTCACATTAAGCCACCTTCGAACAAG[A/C]TTGTACCGGAGAATTGGAGTCGCACATTCACATTG snp-in-del PolyHighResolution LG3 20501056
376 LG3 66.654 B019-11 AX-89882018 TTAGATGACTTACAAGAATGTCAAATTGTTGAGTT[C/T]TACAATGTCCTTTGGTACTTCACCTGATAAGTCGT snp PolyHighResolution LG3 19842038
377 LG3 66.654 B019-11 AX-89907856 GGATTTCTCTGCCGCAAAAGTGACACAGCTTGAAT[C/G]AGTGAATTAGATAATCTGCTCTTTGCAAGCTCCAG mSNP PolyHighResolution LG3 20393261
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379 LG3 66.654 B019-11 AX-89807028 TCAGCATCTCATGTGTTATATCATTTCAGTGAATT[-/CTA]AGCCAGTATATAATAATTTACACTCATTTAGTAGA ins PolyHighResolution LG3 20218045
380 LG3 66.654 B019-11 AX-89804002 TCTAACAAGGAGCTGTTACTAGCAGTACTGATGAG[-/TTC]TCTAACATTACCTAGTCGTGAATATACTTACTGGA del PolyHighResolution LG3 20268355
381 LG3 66.654 B019-11 AX-89804008 GTTGGTAGGCAGGAAATAGGGACAAGGCTTTTTTA[-/GTAC]GTAGTAGTTGCTATCAGCTCAAGAATGTGTTGATA del PolyHighResolution LG3 20538766
382 LG3 66.654 B019-11 AX-89848032 AAAAGACATAGACGCCCCTTGAACTATCCAATCGT[C/T]GTTTGGAAGCTACTTGCTCATTTAGGAACCTATTT snp-snp PolyHighResolution LG3 28792223
383 LG3 66.654 B019-11 AX-89856364 CTTCTAGTGTAATCATTTGGTGATGACAAAAACTC[A/C]GGTTGGCGGCATCGAACCAGCGGACTTTAGTAGCT mSNP PolyHighResolution LG3 28871104
384 LG3 67.705 B113-04 AX-89786582 ATTGTGGGAGAGGTCAAGAACTCCTAGCTTGGTTA[A/G]ACCAGAGAATTGGGATGGGATTTCACCAGAAAAAA snp PolyHighResolution LG3 29284567
385 LG3 67.705 B113-04 AX-89867997 GAATGTTATATAAGGGTACTTTTATATGTTGTTAA[A/G]TTGTTAACAATTGTATTTGAATGTACAGATGCAAA SNPinIns NoMinorHom LG3 29819993
386 LG3 67.705 B113-04 AX-89826609 CTCCACCGGTCTCATCTGAAAATGCACCACGCTTC[G/T]ATCAACACAAGCTCTTCTTGAACCTGCAGACCCAT snp PolyHighResolution LG3 29327266
387 LG3 67.705 B113-04 AX-89912303 CTCTTATCCTCTTCCTTTTCTTTTTTCAAATCCTT[C/T]AGGAGTTTCTCCTCCCAATCTTTCAGTTGTGTGAG mSNP PolyHighResolution LG3 29324967
388 LG3 68.746 B103-07 AX-89786639 CATGTTGAAAGTGTCACATGCAAAGAAATACAAGG[C/T]GGCAAGGCCTTTAGGGTTCAAGAACAAGCAAAAGA snp PolyHighResolution LG3 29676867
389 LG3 68.746 B103-07 AX-89826631 CCTGTGCACACCATGGTCACCTATTCCTTGTGCTT[G/T]TCATTTCTCATGGCTTCCATTGTAGCAGCCACCGT snp PolyHighResolution LG3 29405141
390 LG3 68.746 B103-07 AX-89826730 GGTTAGTAGAGAACATTAGGAAACCCTCACCATCA[C/T]CATGACCAGACTTCAACTTGACAAATAGTTGATGA snp PolyHighResolution LG3 29915549
391 LG3 68.746 B103-07 AX-89870270 CATTTGCATCATTATGTCCACAAAGAGTCCCTCCA[A/G]GGCGCGAAGGTGACTGCTCATCTCGAGGTCGACGG codon-based PolyHighResolution LG3 29986893
392 LG3 68.746 B103-07 AX-89904926 GTTAAGATATCAGTCCCACATCGGGAATATGAGAC[A/C]TTGCCTGTAGGTTGATAAGGGTTTGGGTCACTCCA snp-snp PolyHighResolution LG3 29468267
393 LG3 68.746 B103-07 AX-89826682 TGGTGAGCCAGCAGCTACACACATGGATTACATAG[C/T]AGAATTTACTGTTACAATGCCTATTTTGAGCTTTA snp CallRateBelowThreshold LG3 29750297
394 LG3 68.746 B103-07 AX-89883790 GTGGTTCATTTAGGAGGATGCCTTTGCCTATTGTC[C/T]CAGTCTAGGAAAGAATTTGAGGGAAGTGATGATAT snp PolyHighResolution LG3 29561307
395 LG3 69.787 B139-05 AX-89872471 TCAATCATTATTACTTTGTATTTGTTCGTGGATCT[G/T]CCACAAGTTTCAAGCAGGCATTGCTAGTTCCAAAT indel-snp PolyHighResolution LG3 30155125
396 LG3 69.787 B139-05 AX-89811232 GAATGAAAATCTAATTTAGTATCCAACTTCTTTGC[A/G]CGCAGTTTCCTGATCACCTCTTCCTCGCATATTGC snp-in-del PolyHighResolution LG3 30017070
397 LG3 69.787 B139-05 AX-89856414 CAAATGATTATTAGAGATGAGACGGAAACAAATCT[C/T]GTGAATCTTCGAAGGACAATATATCTGACTATCAT mSNP PolyHighResolution LG3 30033038
398 LG3 69.787 B139-05 AX-89807212 TTGAGCATCCCCACCATGTACATGGCATGGCTGCC[-/CGACTT]CTATTAAGATTGAAGGAACAGCAACCATATACACT ins CallRateBelowThreshold LG3 30079475
399 LG3 69.787 B139-05 AX-89786734 TGGTTGATAGATGTTCACAGGAAATTTGATCTAAC[A/G]CCTGAAACATTCTACCTCACCGTGAATATAACTGA snp PolyHighResolution LG3 30143714
400 LG3 73.190 B162-02 AX-89883946 GACATTTTCTATGGTTATGAATTGAAGGTTGTTGC[A/G]TATGATTTTGGAATCAAGAGCAACATACTTAGGCG snp NoMinorHom LG3 30310532
401 LG3 73.190 B162-02 AX-89848435 GACTGAAGCCTCAAAATCTCATGAACTATGATAAT[A/G]GAGGACACCTTGAAGACTTTGGAGGTTATGGTTCT snp-snp PolyHighResolution LG4 18205360
402 LG3 74.211 B148-13 AX-89867143 ATATTAGTTCTTAACTGCCAAGGAGTAGAGATCTT[C/G]TTGTTCAAACTATCAAGGAACATTTCTAATAGGTA snp-in-del PolyHighResolution LG3 30408942
403 LG3 74.211 B148-13 AX-89884074 ACATTATGATTATAATGAGGAAAATGAAAGCTCTA[C/T]CGTTGGAGATGAGATTGGTTTTGATTGGAGACTAA snp PolyHighResolution LG3 31025401
404 LG3 74.211 B148-13 AX-89884077 ACCGAATTGTCACAGCTTAATAGTGTCGACCGTGA[C/T]GACATTGCCGAAGAGTTTGATGGAGTTGTGACGGA snp PolyHighResolution LG3 31038208
405 LG3 74.211 B148-13 AX-89904955 TCAGAAATGCGAGCAGGAGACAGATAGTGGTTTGG[A/G]ATTTGCAAGGTCAAAGAATAAGGACAGTTGTTGAG snp-snp PolyHighResolution LG3 30420887
406 LG3 74.211 B148-13 AX-89908048 ATGTGGGTATCCTGATCATCCACTCTATTCTCCAA[C/G]ACATTATTATACTCAACCCCACTGTAATTCGGGTA mSNP PolyHighResolution LG3 31041155
407 LG3 74.211 B148-13 AX-89786358 TTGCAAGTATGCACCAGTCGGATTCATATGTGATC[G/T]GTACTATGAGGAGGAAGATGGTAGTGTTAGTATTA snp PolyHighResolution LG3 27915175
408 LG3 74.211 B148-13 AX-89865657 AGGCACATTGGCAGAGGCGAGCAGGTGTTGTACTG[C/T]GAATAGCAGTGGTAGTGCAAGTGTCGGAATTAAGG F1Dsnp PolyHighResolution LG3 31289367
409 LG3 74.211 B148-13 AX-89867142 CTTTGTGGCCCTCATTCCTAAGGTTCAAGAAGCTG[A/C]TGATGTTATCACCCAATTTCGGCCCATTGCTATGG snp-in-del PolyHighResolution LG3 30356797
410 LG3 74.211 B148-13 AX-89786343 CATATCAGACCATGCTTTTATAAAGTGGAGAGCAG[A/C]AAACCCATCCGCTGTGCTGTGTTCAACGCCAATAC snp PolyHighResolution LG3 27884959
411 LG3 74.211 B148-13 AX-89786880 AGCTCAAGAATATCAGAGGGATTATCAAAAAGTTC[C/T]AAGTCATTCGCATTTTCGTCACGGCCAATTCGTGA snp PolyHighResolution LG3 31052457
412 LG3 74.211 B148-13 AX-89865637 TTCTGACTCAGTTCTCCACCCCCTTGTACCGCCAT[C/T]TCTTCTAGTTCTTCTTTATTCAACTCCCAAATAAA F1Dsnp PolyHighResolution LG3 30387629
413 LG3 74.211 B148-13 AX-89861202 GCTGCAACAGAGGAAGATCACAACGTTTATGGATC[-/ATT]ATTCAGATTTTCAAGTAGGGGATGCTATGTCTCCC del PolyHighResolution LG3 31244216
414 LG3 74.211 B148-13 AX-89804169 CGATTCTAATTACCTTCCTTTTTTCTCCTTCTGTT[-/TGA]TCAGTACTGTTGTTGGCGTGTCTGTCATCTTCTTC del PolyHighResolution LG3 30404936
415 LG3 75.221 B075-04 AX-89904901 GACCACCTTTTTGTGCCCACCCACCTAATCTAATG[C/T]CAAGTGTCATTTCTCTTAATCAACTTTAACCATGA snp-snp PolyHighResolution LG3 28108080
416 LG3 75.221 B075-04 AX-89786379 AAACCTTTGCGAGACAACCATGAAATGCAGATAGG[A/G]AGGAGAGGGAAGAAAGCATAGGACTGTTCGTACTC snp PolyHighResolution LG3 28132891
417 LG3 75.221 B075-04 AX-89826334 CTGTCTTTGGAGCCACAAAAAGCGGCCGATGAAAT[C/T]AGGATCCGACGTGAGTGAGCGCCAACTCTTTGAGA snp PolyHighResolution LG3 27976748
418 LG3 75.221 B075-04 AX-89848007 GTAAAACACATAGTTAAAAATAACTAATGTACAGA[A/T]GATCATATTAAGCGGCATATGAAATGTAGTTTCAA snp-snp PolyHighResolution LG3 28297587
419 LG3 76.241 B156-02 AX-89883528 CCATCAAGATCCTCAGCTCCGCCGCGTCGGCCTAT[A/G]TTGCTCATCATGTCGTCCGGTGGTTTAATCACTGC snp PolyHighResolution LG3 28395969
420 LG3 76.241 B156-02 AX-89883524 TTGGTGATCATGTGTTTGATTCCATCCGGGTTTTT[A/G]ATTTTTGTGATGGCTATTGCTACCAAGACAGTGTA snp PolyHighResolution LG3 28391054
421 LG3 78.345 B138-04 AX-89867147 TAACTTTAAGTATTATGCATAATTTTGATTTTTTT[G/T]TTGTTGTTCACATTACTGATAACAAAGAAAAATAA snp-in-del PolyHighResolution LG3 30854191
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423 LG3 78.345 B138-04 AX-89786417 ACCGGTCTCATGTGCTCAACTGCAGCAGTTGCAAT[G/T]CTGCCCACAAAGCTCTAGGCATGCTTGAAGTCGTA snp PolyHighResolution LG3 28453870
424 LG3 78.345 B138-04 AX-89786426 AGCACAAAATTTGGACATTTGAACTAACCAATTCT[C/T]AACCGAGGAAATTCTCTGTTCCCTCGAAAATTGTA snp PolyHighResolution LG3 28502817
425 LG3 79.365 B083-05 AX-89826843 AAAGCTGGGCTTCAGCCATCAAGCTTTGCTAAGAA[C/T]TGGCTGAGGTTGTATTCTTCAGTGTATTGTGACTG snp PolyHighResolution LG3 30518769
426 LG3 79.365 B083-05 AX-89883991 TCTGGAAGCTTGTCACCAAGAACAAGCAATGGATG[A/G]CTACAAAGTTTAAGCAAGTACTGAAGCGCCTGAAA snp PolyHighResolution LG3 30520686
427 LG3 79.365 B083-05 AX-89883993 CGAACACACTTGAAGATGCATGGAAGCAGAGTGAG[A/C]AATTTTGGTTTTAAATCCTCACTTACCATCGGAGC snp PolyHighResolution LG3 30524732
428 LG3 79.365 B083-05 AX-89826884 CGGCTTTTTGCCCAAATTATTCAGACTCGATCTCC[C/T]AGATCTCCGACGAGGGACCTTCTTATTCTCTCATG snp PolyHighResolution LG3 30749833
429 LG3 79.365 B083-05 AX-89856442 AGACATTACATTACCTGTCCTCGAGATGCCAAAAG[C/T]GCACCAAACTCCAAAACCTTGCTGAGATCAAAGCT mSNP PolyHighResolution LG3 30537464
208
430 LG4 0.000 B008-13 AX-89802592 AACTCATTTTTGTGGATGTTGACTCGAGCAATCAT[C/T]TGATACATGGTATGCCATTGGGGGAAAACAATGTG snp PolyHighResolution LG7 6024372
431 LG4 0.000 B008-13 AX-89808583 CACTTCATTATCAATTACAATTGTCAAGTTAACGG[-/TCT]TTGCTGCCATCAAATATCATCCATTTCTATATTAG ins PolyHighResolution LG6 6884039
432 LG4 0.000 B008-13 AX-89846042 TGTGGACAATATTGTTGCTATTGGAAAACTCATTT[G/T]TGTGGATGTTGACTCGAGCAATCATTTGATACATG snp NoMinorHom LG7 6024346
433 LG4 0.000 B008-13 AX-89872595 AAACTTGAATACTTGATATTATAATTTATAACATG[A/G]TTATATAATGGAGATGACCCAATAAATTTTGTGCA indel-snp NoMinorHom LG4 779145
434 LG4 0.000 B008-13 AX-89884710 GCTGATGTATGGAACTTCCTTCGTGCCATGAACGT[G/T]CCTGTGAATTCACTGCACTCCCAGGGATACATTTC snp NoMinorHom LG3 547761
435 LG4 0.000 B008-13 AX-89789801 ATTCTGTTCCGTGTGCAGAAGATTGACTTTTTATC[A/G]GAGAGGGTCCTTTCATTGTCTTTTGATGTGATATC snp NoMinorHom LG4 21059296
436 LG4 0.000 B008-13 AX-89824583 CTAAACCTCATTAATATCACACCTCTTCCACTTCC[A/G]AACCCCTCCAAAATCATCCACTCCCCCGACGACCT snp NoMinorHom LG3 17500831
437 LG4 0.000 B008-13 AX-89840766 AAGGTCTTTGTTGCCACGAAAGATGATAACGCCAC[A/G]GAGGTCGTTGAAGCCACGAAGGTCTTGAAACGCCA snp NoMinorHom LG6 32441716
438 LG4 0.000 B008-13 AX-89847721 TACCTAATCGAGAGAGGTAGCAAGTCCGAACGGCT[A/G]GGTAGAGCAGAGGGAGATAGAGAGTGTGTTTGTGT snp-snp NoMinorHom LG3 14042412
439 LG4 0.000 B008-13 AX-89850829 CATATTCTAAATTTAATTGTGAATGATGGCCTTGC[A/T]GTAATGAATGATTGTATCCAAAGCATTCGTAATGC snp-snp NoMinorHom LG7 4628388
440 LG4 0.000 B008-13 AX-89887723 GAGTGCGTTCCCCAACTGAGTGGTGTATCTCATTT[A/C]TGTAGACGCAGTTGTTATCAGCAACCTCCTGCAAA snp NoMinorHom LG4 22593887
441 LG4 0.000 B008-13 AX-89824379 AACTGTAAAATCTCGCAACAGAACCGTAAAACCTC[A/G]CACCATAAAGAGTAATGTCCAAAGTGTCCACCGTA snp NoMinorHom LG3 15056088
442 LG4 0.000 B008-13 AX-89831482 GATCCAGCCCAAAAGAAGCGCACAATCACCATTTT[G/T]TGTGTTTTGGCACTCTTTCTTGTTTTCCTATACGC snp NoMinorHom LG4 3193801
443 LG4 18.235 B066-04 AX-89790474 TAACATGGACAACAACCATTAAATTTGCAGATGCA[A/C]TTAGCCAAGCAGGTCTCTTGAGGTCCACTAGGACA snp PolyHighResolution LG4 25603924
444 LG4 18.235 B066-04 AX-89865971 GGCAATGCCTACTTTGGTGTTTCGGTCTTCACCTA[C/T]GAGGAACTTGAAGAAGCCACTAATCATTTTGACTG F1Dsnp PolyHighResolution LG4 24917142
445 LG4 18.235 B066-04 AX-89848585 ATTATGTATAGCCTTAATTATTGTGAATACAGTTG[A/G]TTTTGAATAAAAAATGATGTGATTTGACAGTATTG snp-snp PolyHighResolution LG4 25344241
446 LG4 18.235 B066-04 AX-89830914 GATGGTCAGCGAGTGCCTGGAAATTCTTCATCAAC[A/G]TTTTCTGCATTTGCGGTAATCACGAGTCACACTTA snp PolyHighResolution LG4 24938622
447 LG4 19.245 B088-06 AX-89831177 TCATTTATGTTGAAGATTGAGTGAGTTATCTTCAC[C/T]AAGGCAGTGGGAGGCACATTTGCAGAGTGGTCTTT snp PolyHighResolution LG4 26276063
448 LG4 19.245 B088-06 AX-89831231 TAGGTTTCTCTGCAGAAGCTCAACTTTCACCTTCA[A/G]CCTAGCATGTTCGAAGGGCCAGTTACCCTGCATTA snp PolyHighResolution LG4 26498417
449 LG4 19.245 B088-06 AX-89861485 TTGTTGACATGATCCCATCACAAACTTGTAAATAG[-/TTAA]TTAGCTCTTAGCCACTTAGCTGCATTAGTAATATT del PolyHighResolution LG4 26408127
450 LG4 19.245 B088-06 AX-89908459 AAGGAACGTTCCTCTGGCATGTACCGTCTCTCTTC[A/T]TATTACTTTGCCAGAACTGTAGGTGATTTGCCAAT mSNP PolyHighResolution LG4 25896713
451 LG4 19.245 B088-06 AX-89831230 ACTTGGTGATGATATTCATGAAGCAAAGCATCCAA[A/G]GTGGCATGAATACAACGATGGCTCGAGAGTAAGGT snp PolyHighResolution LG4 26497246
452 LG4 19.245 B088-06 AX-89866008 CAAGCAAGCATATAAATGAATGAGATACCTCCAAT[C/T]GTTCTAGTTGCTCCCTCTCTTCTTGTGCTATCTCT F1Dsnp PolyHighResolution LG4 26487064
453 LG4 22.381 B027-06 AX-89790202 ACTCGTAGCTTTTTCAACCCAGCATGTGGTTCAAG[A/C]CCTGTAAGAACTTCTTGTTGAACTGGTTGCATTTG snp PolyHighResolution LG4 24300904
454 LG4 22.381 B027-06 AX-89807576 GTTTAGTTTAGTCTAAGCGATTCCTTTCGTTAGCC[-/TCACAT]TAACGTGTTGTGTGTGCATTTTCCTTTTCTTTGTC ins PolyHighResolution LG4 24323262
455 LG4 22.381 B027-06 AX-89830785 TGCCCTTTGCATTTCTTCGATATTGCTAGGCCATT[A/C]GCTTCCAAATCAGTCTGCCCATCAAGATTGCCTCT snp PolyHighResolution LG4 24302116
456 LG4 22.381 B027-06 AX-89830787 AATTCAACCTGAACACTATCCAAACTCGACAACTG[A/G]GAAACCCTTCCCCCAGTAGCAGACTCAAGAATAGA snp PolyHighResolution LG4 24302410
457 LG4 22.381 B027-06 AX-89887956 AATCGAGGCAGAAATTTCACTTCGAGTAGTCATCA[C/T]AATCTTGCTCCCCTTCTTTGCAGCCCCAAAAGACA snp PolyHighResolution LG4 24302253
458 LG4 22.381 B027-06 AX-89905263 ACATGTATCAGACAGATCTGAATCCCAGTAAATTG[G/T]GTAAACCATTGAAGTAATCAAAAGTAAGCAAATTG snp-snp PolyHighResolution LG4 24590878
459 LG4 26.627 B026-23 AX-89789401 GACCTCTCAAATCAGTTTCCTGTTGATAATGTTCC[G/T]AGGCCTCAGGCTGCAGGTGTAGGTTTGACAAGAAG snp PolyHighResolution LG4 18691104
460 LG4 26.627 B026-23 AX-89789942 AAAATTTACCTGAGCATTCTGTTGGCCTACAATTC[C/T]AGAAGCCTGGTACTGGAATTCAGAATTAATGAGTT snp PolyHighResolution LG4 22170033
461 LG4 26.627 B026-23 AX-89807449 ACTAGCTACTTACTAGAATGGAGGCCGTCTGTGAA[-/TGTG]TATGTAGTACTGCACACAAGAGTCAACATCATCAA ins PolyHighResolution LG4 16193657
462 LG4 26.627 B026-23 AX-89856809 ATGTTACAGGTGAATCATCTCTTAGAAGAAATTAC[A/C]GCAATCAACCAACGACTAATAGACACTGTTCTAGA mSNP PolyHighResolution LG4 11917115
463 LG4 26.627 B026-23 AX-89857005 TCTGCAATCCGATTGAACAATTCAGGACTATCCAC[A/C]GCAAGTGCAACACTGTAGCAGCAATAAGTTAAAAA mSNP PolyHighResolution LG4 17242631
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465 LG4 26.627 B026-23 AX-89789029 TCATCCTCTGTTTCATCACCGAAGAGATCAAGATC[A/G]TCATCATCTTCTGCTGCAGCCTAAACAATTACAAA snp PolyHighResolution LG4 16509897
466 LG4 26.627 B026-23 AX-89789518 CCATTTTTCACATTAGGGCATTTGGATTTCAAGTA[C/T]TCCCCATAAGCCGCATCAAGTTCAGGGTCTTGTGC snp PolyHighResolution LG4 19571240
467 LG4 26.627 B026-23 AX-89789532 ACGAACAAGCAAAACAAATCCGAGCTGCAAAACTC[A/G]CTGCCAAAGCTGTCATGCGATCGAGGTTTGTGTTG snp PolyHighResolution LG4 19649843
468 LG4 26.627 B026-23 AX-89789699 CATCGCTTCTTTGTATCTTTCCATGCATCAATATC[C/T]GGTTTCCAACAAGGTTGCCGCCCTCTCCTTTTCCT snp PolyHighResolution LG4 20724556
469 LG4 26.627 B026-23 AX-89789741 TCCTTGACTAAAGCTTACAACTCTGGTGTGCAAGA[A/G]GGTTTAGCATCAGGGGTGGGTCTTGGTACGGTTAT snp PolyHighResolution LG4 20886043
470 LG4 26.627 B026-23 AX-89789775 CTAAGCGAATTCAATATGTGATCTTCCATAGACCC[A/G]GACAAAAAGCTGGAAGCAAGCTCCTCAATAGAATC snp PolyHighResolution LG4 20980066
471 LG4 26.627 B026-23 AX-89811284 CCATTACTACATGAGTCCATGACCATCAATGTACA[C/T]GGTAGTACAATTTTGTTTTACTGTTACCCTGTGAG snp-in-del PolyHighResolution LG4 20838765
472 LG4 26.627 B026-23 AX-89813570 AAGACAAACCAGGATTGGTGGTTCGGATTGATTCC[A/C]ACATTTTTGGGAGGGAGATAATCATCCCAAAATTT codon-based PolyHighResolution LG4 17360394
473 LG4 26.627 B026-23 AX-89848414 GTCGTTAATCCAATGAGATGAAACCTTTCGACCAA[C/T]GTAACCACAGAACATGCAGGAAACCTTTCAACCTA snp-snp PolyHighResolution LG4 17323220
474 LG4 26.627 B026-23 AX-89857135 AATGCAAATTATACCTTTAGTGTGATGAAGAAGTA[C/T]GAAGAATTCCTCCAGTTAAGTGATCTACCTGCAAA mSNP PolyHighResolution LG4 21214178
475 LG4 26.627 B026-23 AX-89865893 AACTATGGAATCACCCCCGGAGAAGACCATTATGC[A/G]TGCATGGTCGATCTTCTAGGAAGAGCTGGACGTAT F1Dsnp PolyHighResolution LG4 17748930
476 LG4 26.627 B026-23 AX-89905179 ATTTCTTCATTTCATTGTACAGTTAAAATTAAACA[A/G]CATTTCCATTAATTTTACAAAACAATGTACTGAAA snp-snp PolyHighResolution LG4 17754760
477 LG4 26.627 B026-23 AX-89905223 TTTATCACCTTCACGAGTTTCGCGAAATACTGACC[A/C]AAATGACGATGCAGTCAGATAGTTTTATCGGAAAA snp-snp PolyHighResolution LG4 21246435
478 LG4 26.627 B026-23 AX-89913003 TTATCGACTTGGCCTGCAACGTGGTGGAGTAAGGG[C/T]GAGCGCTTGGTGGTTTCTTTGAAGTGACATGGTCG mSNP PolyHighResolution LG4 19926692
479 LG4 26.627 B026-23 AX-89891755 CTCCCACTTGGAGGGTTTAAGCTACTCGAGAGGGT[C/T]TATGGGTCTTCCTCAAGATTCGTTCTTTGCTGTGG snp PolyHighResolution LG5 23175900
480 LG4 26.627 B026-23 AX-89824441 ATAAACAAAAGCTGTACCTTTGCATCAAGATAACT[A/G]CCATAGTCTGTGCTGCTGCCATCTTTCTGTAGATA snp PolyHighResolution LG3 15562411
481 LG4 26.627 B026-23 AX-89805455 ATGTGATGCCAAATACGTTCAACATGTGAGGAAGT[-/AGA]AGAAGGTGAATTCAACCATTCTATAGCTTGCCAAT del PolyHighResolution LG6 25129937
482 LG4 27.637 B062-10 AX-89815585 TCTCACTCTCAACCCTAGAACGTTCATGCAAAGTT[A/T]AAAAAAAAAAAAAAAAAAAATAATTACTACCACAA indel-snp PolyHighResolution LG5 25825032
483 LG4 27.637 B062-10 AX-89848316 ACACGTGTGTCCACATGTCCGGTCGGGATGCACTC[C/T]GATGTCAGCTTATGTTATAAGAACGCACGTGCAAG snp-snp PolyHighResolution LG4 12557100
484 LG4 27.637 B062-10 AX-89857431 TAAAGCCAATGAGAAGCCAAAGAGTTGTAACATTA[C/T]GGTCTTTGGAATGGTCATACACCAAGGAAAAGAGT mSNP PolyHighResolution LG4 7482504
485 LG4 27.637 B062-10 AX-89888824 TAACTGAAGTTGAAGAATACACAGAGAAAGGGGTG[C/T]CAGATTTCTGGCTCACGGCAATGAAGACCAATGAA snp PolyHighResolution LG4 4861483
486 LG4 27.637 B062-10 AX-89889086 CTTGGAAGCGCCTCTATGCAGCCCACCTTGATTTC[C/T]AAGATCATCCAGGGCTAAGCACATGACGAGTTCTC snp PolyHighResolution LG4 6896267
487 LG4 27.637 B062-10 AX-89913927 AACGGCCCCTTCTTCATCTTCTTCATGAAAGCCAC[C/T]GCCGAAAGATACATATACTCCTTCGAAAAGTTCTC mSNP PolyHighResolution LG5 25835933
488 LG4 27.637 B062-10 AX-89861525 CAAGTGTGGTTGTTGCCTTTGAGAATGTGAATAGC[-/AAG]AAGGACTTCTCAAGGCAATCAAGCTTCAACAGTAA del PolyHighResolution LG4 6485847
489 LG4 27.637 B062-10 AX-89861536 CAAAGTTTCAGTTAACCTGAACGATTTTCTGTTTT[-/TTTC]TTCTTTCTTTTACAGGGACAACTTCATAATTCTTC del PolyHighResolution LG4 8170937
490 LG4 27.637 B062-10 AX-89892098 GCCTCTTTTATAACTGACTGAAGCCTTCTTTTTTC[A/G]AGATTCCATATGCTTATGACACCAGAAGAACCACC snp PolyHighResolution LG5 25323062
491 LG4 27.637 B062-10 AX-89831827 ACCTACTAGTGGTATGGTCAAACTTAATGTTGATG[C/T]TGTTTTTGATAATCCCAATAGTTTAATAGGAGTTG snp PolyHighResolution LG4 6580313
492 LG4 28.647 B054-18 AX-89807638 TTTGTCTCATGTTGGATCTGTATGGTGGGAGAATC[-/GCTCG]GCTCAACCTAAACTGCTAAACACTACCTGTTGGGC ins PolyHighResolution LG4 3392543
493 LG4 28.647 B054-18 AX-89832132 GATGTATCTTTATGCAATGCTTTGATTGATATGTA[C/T]TGCAAATGTGGGAGCTTGGATTTTGCAAGGCGAGT snp PolyHighResolution LG4 9914893
494 LG4 28.647 B054-18 AX-89852597 CATAACCATGCTAGCTTTTTGGATAACTACGTCTT[C/G]CTGCGTTCCAAGGCTGCTTGTGAATCTACCACACC mSNP PolyHighResolution LG4 9733429
495 LG4 28.647 B054-18 AX-89857463 CGAAGCACAAAAGTGTTGAAGATCAATGTGCCCTT[C/T]ACCTTATCACCGACACTGAAGATTGCTTTCCCCTG mSNP PolyHighResolution LG4 913437
496 LG4 28.647 B054-18 AX-89868298 TTGGCGTTTAATGGTTGATGGGTTTGTGAAGGGTG[A/G]TGATGTTATTAATGGTATCAGAACATTTGGAGCGA SNPinIns PolyHighResolution LG4 3665954
497 LG4 28.647 B054-18 AX-89888761 AAAAACAAAAAAACAGAACGTACTTTTGATCTCTT[A/G]AAAAGGGCATCATAGAACTCTTGTTCAGTTTCAGA snp PolyHighResolution LG4 3894545
498 LG4 28.647 B054-18 AX-89908494 AAGTGGAACGTTCTACGACTTCTTTCTCAAGAGAA[C/G]CATCAACAATACGTCGCGATCACATTAATCCTAGT mSNP PolyHighResolution LG4 3481935
499 LG4 28.647 B054-18 AX-89913077 AAGATTTCTCTGTACTGTTCAAAATATTGGGGCTG[A/C]GACCTTGCCTTTTGCCTGTGCTTCTAATTCAATGA mSNP PolyHighResolution LG4 2245596
500 LG4 28.647 B054-18 AX-89791504 CTTCTACATCATTCTTCGAATAACCCTTCTCTTTT[A/G]CACATATGAGGCTATTACGAAGAGCTAAGGCTTCA snp PolyHighResolution LG4 9736927
501 LG4 28.647 B054-18 AX-89791505 TTTCGGTGTTGAAGGCAACATCAACAAGAGGCTTG[C/T]CTGAGTTTGTTCTGATTACAAAACCACTCGTTGCT snp PolyHighResolution LG4 9737017
502 LG4 28.647 B054-18 AX-89791534 GAGTTCAATGATATCAGGGTATGGATTACATGGAA[A/G]GGGCGAGGAAGCCATTGTTTTGTATAATAAGATGG snp PolyHighResolution LG4 9915003
503 LG4 28.647 B054-18 AX-89804436 TGATGAATTTGAAGGCTTCTCATATTTACAGAGTA[-/AGTT]AGTTATTGATTTCTACCTAAGTTTTCAGATTTTCA del PolyHighResolution LG4 1692053
504 LG4 28.647 B054-18 AX-89804613 AGTGAAGTGGGATTTGAAGTAATACGAGCAAATAT[-/TATA]TCTTCATTGTTTCCCTTTAATACAACAGTGTCAAC del PolyHighResolution LG4 2645296
505 LG4 28.647 B054-18 AX-89810104 CTCTCAAAAAGATTGAAGGATCTGCATTCAGCTAA[C/T]GATGCTAACAGCTTGAAAGGTGAACATGTCTTTCT F1Dsnp PolyHighResolution LG4 9863722
506 LG4 28.647 B054-18 AX-89831338 GATCCAGATTCTAATACATGTCTCTCAACAGCTAG[A/C]GCTAATTCTGCAGCTGCTAGTCCAGCATCATTTCT snp PolyHighResolution LG4 2698684
507 LG4 28.647 B054-18 AX-89856799 TTTGGAAACTTTTGCAAACGCATTCCAACAGATGT[C/T]GACCTACCTGGGGTTTGTACCATTCTACAAAATTT mSNP PolyHighResolution LG4 11441345
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509 LG4 28.647 B054-18 AX-89856962 CCAATGCCGGACCATTTGACTTCTAGTATAGATAT[A/G]AGAATGAGACATATGCTGATGGTAAGGAGGTAGCA mSNP PolyHighResolution LG4 1566451
510 LG4 51.685 B118-04 AX-89808540 AGCCTTTGTTGATCTTCACATTCAAACCCAACAAA[-/ATTT]ATGCAGTAGTTTTTGTTACATTGTACAGATGGGTG ins PolyHighResolution LG6 438180
511 LG4 51.685 B118-04 AX-89841960 AGCATACAGGTCCTGGGATTCTGTCCATGGCAAAT[G/T]CTGGACCAAACACCAATGGTTCTCAGTTCTTCATT snp PolyHighResolution LG6 441829
512 LG4 51.685 B118-04 AX-89902419 ATCATTAATTGAGCCGTTCAAGTCTACATCAGATC[C/T]TCCTTCGGGCACACTCATAATCAAATTGAAGTCTG snp NoMinorHom LG7 20830209
513 LG4 51.685 B118-04 AX-89789934 CCAATTGCAGAGAGAAATGCTAAGGACTTTGAAAA[A/G]CTTGACGAAGAAACAGTATGCGGACCTCCATGTAT snp NoMinorHom LG4 2207745
514 LG4 58.453 B129-02 AX-89888236 ATGCAGATCAGGAGCCTAGAAGTCTGGGGTCACCA[G/T]ATCCTTTGAAGTTTGAACCAGAATCACTAAGATCA snp PolyHighResolution LG4 25849064
515 LG4 58.453 B129-02 AX-89888279 TTGAGATAACTTTCATACCCCATATGATTTCCGCG[A/C]GATGAAATTGCATAATAGCAATTGGATGCCAGAGG snp PolyHighResolution LG4 26028245
516 LG4 90.767 B065-04 AX-89829207 CACCCATGATCTCCCTTCCTTTAGTAGATCAGAAA[C/T]AGTTTCAGGTTTAGCATCAGCTAAAATGAAAAGAT snp PolyHighResolution LG4 14710296
517 LG4 90.767 B065-04 AX-89788759 GATCCTACCCTTCATTTTGAAAAGTTGAAGGTTCT[G/T]GTTCTTGCAAATTGTAGGCTCAGGGGTTCAATACC snp PolyHighResolution LG4 14565939
518 LG4 90.767 B065-04 AX-89886304 TGGAAGACTACCAGACAAGTAGTTCACAGCCAACT[G/T]CAGAACCTGAAGCCGAGTAGAATTTACACAAATGC snp PolyHighResolution LG4 14473267
519 LG4 90.767 B065-04 AX-89829187 CTTTGAAGAGCCAGATACCAAACGGATTGACACAA[A/G]TCAAACTAAGATGGAAACTGGGGGGCAGAAGTTTG snp PolyHighResolution LG4 14627062
520 LG4 91.797 B157-03 AX-89905125 ACACCCATTTCAGAAACAGAGACGATACAACAGTA[C/T]TGGAAAGACAAGATCACTTGAGCAGATGCAGAATT snp-snp PolyHighResolution LG4 14194001
521 LG4 91.797 B157-03 AX-89912824 GCACTAACATACCTGCATTACTGACTTCAAGAATA[G/T]AAGTGATCTAGAAGAATGCTCCAAAAATTTCTCAG mSNP PolyHighResolution LG4 14330897
522 LG4 91.797 B157-03 AX-89886138 AAGATCTGACAATCGTGACCATCCCACATCCACAG[C/T]ATCATGGCATCTTATTGGTTCCCACGAGAATACCT snp PolyHighResolution LG4 14086471
523 LG4 98.394 B029-05 AX-89790824 ATTCATGGATTCTGTCAAACAGGGAAGATGATGGA[C/T]GCAGATAAGCTCTTTCACGAAATGGTTAGTAAAGG snp PolyHighResolution LG4 27205031
524 LG4 98.394 B029-05 AX-89888550 CCCCACAAACTTGTGATATTGCTGTCTGAAAGATC[A/G]AGGACAGCGAGTTGCCGAGGTAAAAAATCAGAAGG snp PolyHighResolution LG4 27134066
525 LG4 98.394 B029-05 AX-89905316 GATAAACAACTATACCAAGTATGCCTACTCTAACA[C/T]CAAGTAGAATTTCAAACATTTTGCATGTAACTAAA snp-snp PolyHighResolution LG4 27123563
526 LG4 98.394 B029-05 AX-89831380 AGCTCTTTGAGACACCACCTTGAGTCGGCATATCT[C/T]GGCGACAGGACGATGATGGCCGCCGCCGAGTCCTC snp PolyHighResolution LG4 27137403
527 LG4 98.394 B029-05 AX-89861496 TCCATTGTAACCACTTGACTCCGGCAGGAAGGAAC[-/TTA]AAGTTCCCTTCCAAATGCACGTTATTCATTTGGAG del PolyHighResolution LG4 27134159
528 LG4 102.650 B067-03 AX-89790751 CCGCAAGATCTAGATCCTGAACACTCAAGTGAATA[C/T]TGTCCAAGTCAAACAAAAAAGCATCACCCCTCCAT snp PolyHighResolution LG4 26972625
529 LG4 102.650 B067-03 AX-89872581 CAGAAAACTGGCCATGCAATTGCCATTTACAGAAC[G/T]TCAAAGATGGCCTGCTGTCCTAAGTCATTTCTTTA indel-snp PolyHighResolution LG4 26949433
530 LG4 102.650 B067-03 AX-89831331 CAACATGTACTGTAGAAACTTGGAGAGGATGCTAG[G/T]GTTGTTGCCTTCCGACCAGGCCATGGCGGTAGACC snp PolyHighResolution LG4 26932120
531 LG4 105.776 B028-04 AX-89790697 ACCATTTATGAATGGGGTTCTGCATGATGAGAATC[A/G]TCCTTCTACTGTAGCTATAGAGGGTATTGGGGAGG snp PolyHighResolution LG4 26709956
532 LG4 105.776 B028-04 AX-89831263 AACAAAGGAAAAAATAGCAATCTGGCAATTGTGCC[A/G]CCAATTGCAACCTTGGAGTTCTCAAGGAGATATAC snp PolyHighResolution LG4 26682024
533 LG4 105.776 B028-04 AX-89866014 TGTGAAGTTGACTAACCAACAAGTTAGTGCTATGG[A/C]TTGGGCAAGAGGGAAGCTAATGTTTTACTCTTATT F1Dsnp PolyHighResolution LG4 26693187
534 LG4 105.776 B028-04 AX-89790691 ATCCTCGGTGCCACATTGTAGAAAACAATGCATAT[A/C]ACCATAACCACTATCCCCACAGCAAAGTAAAGATT snp PolyHighResolution LG4 26682381
535 LG4 109.999 B153-02 AX-89848635 GAATGTCGGATTAGCCTAGGTTACCCTTGAAAGTC[C/T]AGTCCAAGTCTCATACATGCAATATAAACTGGATT snp-snp PolyHighResolution LG4 26592223
536 LG4 109.999 B153-02 AX-89848365 TGAACCTTAGCTTTGTTTACTCAAGAGAATGTGAG[A/G]ATCAATTTTAGGTCACTGATACAATGTTGTCTAAA snp-snp PolyHighResolution LG4 14897698
107
537 LG5 0.000 B010-04 AX-89810156 AACAGCAGTGCTAGGGCAAGCATATCCCGAATTGT[G/T]ATGTTAGCTGAGGCTTTGTTTGAGGTAAGGTTAAT F1Dsnp NoMinorHom LG5 13812182
538 LG5 0.000 B010-04 AX-89810281 GTCCATGTTGCAGCATAACGCTGGCTACCAATAAA[C/T]CCAGCCCTCGTGAGGACAAAAGGACGTTTCTTTTC F1Dsnp NoMinorHom LG5 28386297
539 LG5 0.000 B010-04 AX-89866242 GCTAAAAGAGTTACATACCAGTTGAAGTACCATAG[A/G]AATACTCATATGCAGGTGTTCCCAAGTTGAAAGAT F1Dsnp NoMinorHom LG5 28386218
540 LG5 0.000 B010-04 AX-89866249 GAAGCAGGTCGTGGTCTTGTTCCTCCTGCCACAGC[G/T]ATAGCTTTGATGGGAAAAGGAGGATCAGTTCTTCT F1Dsnp NoMinorHom LG5 28401116
541 LG5 9.064 B105-02 AX-89849039 AATAGCTCCGATGTCCAAAAAATCTAAAATCACAC[A/G]AACTTGTAACGACGTCTAGGCTAATCATTTGGCCT snp-snp PolyHighResolution LG5 19527196
542 LG5 9.064 B105-02 AX-89890743 TTCCTTGTAGGTTGTCCAGCATGCTTAAGAAACTT[C/T]TTGAACCTCTTCTGTGAGCTTACCTGCTCTCCAAA snp PolyHighResolution LG5 17323672
543 LG5 11.126 B140-05 AX-89804952 TGACCAAATGCATCATATAAGGTTCTGCAAATAAT[-/AAG]GAGGACCAATGTCATGTGGGGAAGCAACAGCAAGT del PolyHighResolution LG5 22069212
544 LG5 11.126 B140-05 AX-89875307 ATATTCTCGTGGCCTACCGTCTCATGTTTTCCTCC[A/G]CCATTATGATTCCTCTTGCTCTTATAGTCGAAAGG snp PolyHighResolution LG1 5088391
545 LG5 11.126 B140-05 AX-89793285 CTTGAGATAGGTTACTTGTTCCAAGATCACAGGGT[C/T]GACCCACGTAAGAAGTGTAATGCGCCTTTGATTGC snp PolyHighResolution LG5 23118089
546 LG5 11.126 B140-05 AX-89867246 GGGCATATTTATGTGTTTGGGTTATGTTATTGATG[A/T]TGTTGTTGTTGAAATGATTGGTGCTTTTTGATGAA snp-in-del PolyHighResolution LG5 21054469
547 LG5 11.126 B140-05 AX-89792216 TTTATTCTTTGTAACCTGAAAATTGTAATAATCAT[C/T]GCAGTACTCACTTGGTGTTGGGCCCAATCCAAGTA snp PolyHighResolution LG5 14866961
548 LG5 15.350 B031-04 AX-89793759 CAACCCAAATTCTTCGAGCACAGCTAAAGATGACA[A/G]CTGCTTCACGTCAAACTCTTCATATTGCTTTATGA snp PolyHighResolution LG5 27049774
549 LG5 15.350 B031-04 AX-89892232 CATGTCACAATACTTGGACTCTCTCCCAATCGGGG[A/C]TGCTCTAGACGTGAAAGGTCCATTAGGTCACATAG snp PolyHighResolution LG5 26362213
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551 LG5 15.350 B031-04 AX-89846400 AGATGGAGTATACAAGGTGAAACCACTAACTGATC[C/T]TGAAGCTCTTCAGCTCTTCCATATGAAAGCCTTTA snp PolyHighResolution LG7 8075124
552 LG5 17.391 B076-03 AX-89804987 AAGAGCCAATACATAAGATCCGAGTGTATCATAAT[-/TCCC]TCATAATTCATGTTTATTGTCAATATTGTAAGGAT del PolyHighResolution LG5 24719913
553 LG5 17.391 B076-03 AX-89835269 ATACCACTGGAATCGATGCATACGGTGTGGGAGAA[A/G]CACTGGTATTGGCGTCGGTTCGTTCAGGGTTAAAC snp PolyHighResolution LG5 27551740
554 LG5 17.391 B076-03 AX-89849302 AAATTATCTTACGTCTCCACTTTTCTTCTTGTATA[C/T]GCCAGAGTATCCTAATTTTTCCAACTCAGGTGTGA snp-snp PolyHighResolution LG5 27570540
555 LG5 22.736 B058-02 AX-89811368 ACAATTGGAAAACAAGATTAATTCGAGAAATTGCT[C/T]ATTAAGTTTACTGAACATGAAAATGAATTCAAGAA snp-in-del PolyHighResolution LG5 28081979
556 LG5 22.736 B058-02 AX-89868395 TATGCTAGTGGAAGAGAGTATACAAAGGAGATATA[C/T]GTACGTTGATGTCTGGGTGAGTTAGTATGAACTCT SNPinIns PolyHighResolution LG5 15811231
557 LG5 23.757 B143-03 AX-89792031 TTCACAAAGCTGAAGAGAATTCTAGAAGGATTGTC[C/T]GAGTCTCAGTTTACATCAGAAGAAAATATGATGCT snp PolyHighResolution LG5 13149412
558 LG5 23.757 B143-03 AX-89836908 TTGATTTAGGCCTCCCAGCCGGCGTCTTTGTAACA[G/T]GAGGTAGTATAAAGTCCTCAGTGGAAGAACAAGAG snp PolyHighResolution LG5 9704131
559 LG5 23.757 B143-03 AX-89794986 GCAGTGTTCATTGCTTTGGGACAACCTCAACCAGA[A/G]GTGAAGGAGTTGACTTCTTGAGTAAAGTCAACGGG snp PolyHighResolution LG5 9180630
560 LG5 30.319 B161-02 AX-89914250 TTTGGATTGGAATTTATTGTTTCAGATGTATGATT[A/G]TGATAAAATGTGAGATGGTTTCGCCTCCTCTTGAG mSNP PolyHighResolution LG5 7758196
561 LG5 30.319 B161-02 AX-89914256 GGGTGTGAATTTTAGGAAGCAAATCCTTCCTCGGT[G/T]CAATGTGATAGAGCATTTGCGATCAAAAGGTGGGC mSNP PolyHighResolution LG5 7832452
562 LG5 34.488 B142-02 AX-89858268 CAGGTGGAGGAGAAGGCTGTCTGATAAGTTGTGTA[G/T]GTTCAGGAGGTTCTATTGGTTCAAAAGAAATAAGA mSNP PolyHighResolution LG5 6530270
563 LG5 34.488 B142-02 AX-89794498 ATATCCTTTATCGAAACATGTAAATGCGGATGCCT[G/T]CACTCTGATCGGAACTTGTAACAGCCTCATATGCC snp PolyHighResolution LG5 6490614
564 LG5 42.251 B032-04 AX-89794225 TACATTTTTATGGAACTGAAGCTTTTCAAAGAAGA[A/G]ATGCACGTATTCCCTATGGACTCCCAAGCAACAGG snp PolyHighResolution LG5 4826329
565 LG5 42.251 B032-04 AX-89828893 GGTGAGATGTAATTACAGCGAGCTGTTAAATTTTC[A/G]CCAACTGAAAACATGTAATGCCCATCCTTGTCATC snp PolyHighResolution LG4 13610245
566 LG5 42.251 B032-04 AX-89893045 GGATTCTTAGAGGCCTACTTGGTACAATCTTGTGG[A/G]GATCTCTTGCTTGTGAAGAGATTCCATCAGCGAAA snp PolyHighResolution LG5 4929632
567 LG5 42.251 B032-04 AX-89794249 TATGATGGCAAAAAGTTCTATTAAGATGATTTCTG[C/T]CCATGTTAGTCAGCAGATTTACACCAGAGCCACCA snp PolyHighResolution LG5 4939860
568 LG5 46.518 B014-02 AX-89835795 ACAAGTCCCTTGTACGAAATCAGGATTCATATTCA[A/G]CATTCAGAGGCAGACTTGATAAACTTCCTGATAAT snp PolyHighResolution LG5 4805096
569 LG5 46.518 B014-02 AX-89805067 CCTTTTTTCGCTTCCGTCTCATATATTGACAACAT[-/GGG]GGGATGTGGACTTGCTGTATCATCTTTTGAGATGT del PolyHighResolution LG5 4805259
570 LG5 64.681 B141-02 AX-89905828 AAGAATTAGATGCTGTGGTTGGGAAAAACAGCATT[C/G]CAGAAGAGTCTCACATTCACAAGCTACCCTACTTA snp-snp PolyHighResolution LG5 454594
571 LG5 64.681 B141-02 AX-89794285 CTTGGCTTCTCTTTCTCCCAGGAGTATCTAAAAGG[C/T]TATTGGTTCAACATGGAAGATGTAGAGTCTGCAAC snp PolyHighResolution LG5 520319
572 LG5 90.289 B125-02 AX-89836786 TCACAAGTGCATTTTGTTGTGAAAGATAGTGATGT[C/T]GTGGGTTCACAGCTCATAGGTGTTGTGGCAATCCC snp NoMinorHom LG5 919604
573 LG5 90.289 B125-02 AX-89836744 TGAACAATTGAAGGTTTTTCGTTCAATTGATTCCA[A/C]TTCTGTGAGAGGATTTCCAGAAAACCCAAAAGATG snp NoMinorHom LG5 900999
574 LG5 104.660 B134-02 AX-89913472 CATGTGAAGGGATCCTTGTCAACGGGAAAACTACA[G/T]ATCTCCTCCCAAGAGCGAGATTCCAAATGACAGAA mSNP NoMinorHom LG5 13649075
575 LG5 104.660 B134-02 AX-89866107 CTTCAACAGCTTTGTTGAAACAAAAATGGTGGGTG[C/T]TTTCAGAGTTCTAAGCAAGTCCCTCAGACACTACA F1Dsnp NoMinorHom LG5 12961284
576 LG5 105.670 B130-03 AX-89835221 ACAAACACCAGTATCAACACTTCTGAAGAAAGCTT[C/T]AGAGAATCTGAACTCACCCAGTATAATGAATCTCT snp NoMinorHom LG5 27263211
577 LG5 105.670 B130-03 AX-89817525 TACATGAATTTAATATAAATTTTATTGGCAGAGCG[C/T]GACTTTGATAGCCATATTCAGTTCACCTCTTATGT snp PolyHighResolution LG1 2370290
578 LG5 105.670 B130-03 AX-89889641 ATAGCCTTTCCAATCCTGCTATAAGTACTCCATCA[A/G]TGAATCACATGAGCTATGGACCTATGCATGCTACT snp NoMinorHom LG5 11349229
42
579 LG6 0.000 B077-05 AX-89841850 TCAGCTTCTTCAAGCTTCTCTTTGATCTGCTTTGA[C/T]AACTCAAGTATCTCCGGTGTCTGCAATTGCAACGG snp PolyHighResolution LG6 38277
580 LG6 0.000 B077-05 AX-89842347 GTCAGTACCTCCAGCACCGGCTGTAATAGAAATAA[C/T]AGCACCTTCTTTGTCATAAGGCCCTGAAAGAAGTT snp PolyHighResolution LG6 65095
581 LG6 0.000 B077-05 AX-89861908 TGCTGTTTTGCTCCTTTTCAAACTACTTTTGTAGT[-/CTC]CTCCTCAGCTCCTAGAAACAGATCCTTTTTCATCA del PolyHighResolution LG6 140219
582 LG6 0.000 B077-05 AX-89894929 TATGTGACTGGATTACCTGATGATGTTACAGTTGA[C/T]GAAGTAAGCCACAGTCATTATTTTGTTTTCTATGA snp PolyHighResolution LG6 141163
583 LG6 0.000 B077-05 AX-89850285 GACAGACATATAAAGTGGCATTCGAAACCGCTCTG[A/G]CAAGAGAAAGTGACAGATTATGTTTTGAGTGTGCA snp-snp PolyHighResolution LG6 62028
584 LG6 11.887 B022-03 AX-89779418 TGTACCCGCTTTCATATAACAGTGGTTTGTCATAC[A/C]CTCCTTCACAAGGATCAAGATGCATCCATCTGAAC snp PolyHighResolution LG1 19769021
585 LG6 11.887 B022-03 AX-89779452 AATGTCAAGATCAAAGTTAATTGTTGTCAATAGAA[C/T]AATCAACCCCCTTTGCTTTCTGAAAAATTCCTGCA snp PolyHighResolution LG1 19911734
586 LG6 11.887 B022-03 AX-89847001 ATATCACATGAAGTTAAATATATAGTTTGTCTGGC[C/T]AGATAGATCATCAGAAAGCTAATAACATCATTGTC snp-snp PolyHighResolution LG1 19846936
587 LG6 17.356 B021-06 AX-89779320 CATGTGAAACATTAGAAAGAAGCCTCTTAAGCTCC[G/T]TTGCATCATAGGTAGAAGTTAAGCCATAAGCAGCA snp PolyHighResolution LG1 19182522
588 LG6 17.356 B021-06 AX-89846978 ACTGTCATCTTGGCTTTCCAATCAGCAGCCACTTT[C/T]GTCGCCTCCTCTTTCACTTGAGGATTCATTTGAGG snp-snp PolyHighResolution LG1 19182638
589 LG6 17.356 B021-06 AX-89866596 AAGGCTGTGATTGGTAAGATAGCTAAGCTAAGAGC[C/T]GCCATTCAGTGCATGAAAGATTACAACCTCGAGTC F1Dsnp PolyHighResolution LG6 3366387
590 LG6 17.356 B021-06 AX-89874413 AAGAGAAGAAAGATTTCTGAGATGTTGAAGACTAT[C/T]GAGAAGAAATGAGCCACTGAAATTGTTTGAAGAAA snp PolyHighResolution LG1 19575325
591 LG6 17.356 B021-06 AX-89865067 TCGATTCCACTTCCTTCTCCTTCGACTCCATCCTC[A/G]CAACCAACCCTTCCATCTCCCTCTCCTTCACTTCC F1Dsnp PolyHighResolution LG1 19183092
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593 LG6 26.636 B155-02 AX-89798619 CATCAGGCATTGCATTTGCCAAAACATAATATAGC[C/T]TTTCATGAACAAATCCCAACTGAAGAAAATGCAAA snp PolyHighResolution LG6 3639441
594 LG6 26.636 B155-02 AX-89862191 TCGTGGTGTCGCCGATGGCGAGGTATATGAGACAC[-/CTT]CTTGTAGAACCCATTGGGCAACTGAGGGCTACAAG del PolyHighResolution LG6 4077765
595 LG6 27.657 B095-03 AX-89909695 CATCCTCCCCGCCGGCAACAACACCCAAAAGCTCC[A/T]GTGGTTTATGGGAATATAGCACATTAGCAACCGCC mSNP PolyHighResolution LG6 8108373
596 LG6 27.657 B095-03 AX-89805832 TACATCAGACTTCTAAGTTCACAGATCAAGTTTAG[-/CAA]CAAAAAAAAAAAAATTCACAAATCATGAATTACAG del PolyHighResolution LG6 8297579
597 LG6 27.657 B095-03 AX-89871874 TACTTGTCAAAGACCCCAAATTCATTGGTGATGCC[A/G]AGAAGTACTTGCTGGAAATGGTGAACAAGGGAATG codon-based PolyHighResolution LG6 8308632
598 LG6 28.667 B040-04 AX-89799847 GCCAAGCACACAATCATTCATAGAGATGTTAAGAC[A/G]ACTAACATTCTGTTAGATGAGAAGTGGGTTGCTAA snp PolyHighResolution LG6 7851911
599 LG6 28.667 B040-04 AX-89899859 CAACCCACTGATTCTATCTTCAGCGCATCGTTTAC[G/T]ACGCTTTGAGTTCGAACCCATTTTCATCTGATACA snp PolyHighResolution LG6 7657601
600 LG6 28.667 B040-04 AX-89850321 AGATGGCCTTTGAAAGTGAACTTTTCAAGATTAGG[A/G]GCATAGGCATTGATAAAAAGTTTGTGCCCGTGATC snp-snp PolyHighResolution LG6 7654055
601 LG6 28.667 B040-04 AX-89868949 ATCATGAACCCAAAGGGACGTTGAGACTGAAGAGA[A/C]TCTGCATATGCCATACCAGCCACTACAATCTGATA SNPinIns PolyHighResolution LG6 7852609
602 LG6 29.677 B108-04 AX-89799650 CCGAGACAGGGGACTCATGGTTTAACTGTCAGAAG[C/T]TGAAATTGCCACCCGGCTGCGGGTAAGCCTTTGGG snp PolyHighResolution LG6 6964678
603 LG6 29.677 B108-04 AX-89799747 ACCAGAACTGTCGAGCAATCGTCGAGTATCATGAA[A/G]GCTGAAAAAAGAACCTTCGACAGTGAACATGTCTT snp PolyHighResolution LG6 7402959
604 LG6 29.677 B108-04 AX-89850306 TTCTTTTGCCTAATTTGTTACCATTGCCGATGTAC[A/G]TTCGAGTTTGTCTAATTGATGTTTGATGACTAATT snp-snp PolyHighResolution LG6 6956409
605 LG6 29.677 B108-04 AX-89899700 TGCATTTTCAGGTATGAGTTCCAAATGCAATATGG[A/G]TCAATTGGTTGGTCAGTTGGAGCAACTCTTGGGTA snp PolyHighResolution LG6 6964814
606 LG6 31.718 B082-03 AX-89811494 CTAATCAGTCGTTCAACATGTACAAACTATAAAGC[G/T]AAGAATCTTGCATAGCACAGGAAATGGTACAGGAC snp-in-del PolyHighResolution LG6 6680517
607 LG6 31.718 B082-03 AX-89842430 TTCTGCTCCTCCAGTATGTTTCCTTCCGCATCAAC[A/G]AGAAAGTATCTGCTCAGCTGGAACAGTAATGATTA snp PolyHighResolution LG6 6902219
608 LG6 31.718 B082-03 AX-89853675 CAGTGCCATCTCCATATCTCTCTACCAAAATCACA[C/G]GGGGCTGGCCTCGGTTCCTGTTAGAAGCAATTCAA mSNP PolyHighResolution LG6 6689062
609 LG6 34.812 B039-27 AX-89805762 GGAAACGCCGTTCAGCAAAACCTTGGTGCTGCTTG[-/CGC]CGCTGCCACCAAGTTTAGCCTCTGTTTTTCTGAAG del PolyHighResolution LG6 4494975
610 LG6 34.812 B039-27 AX-89799262 TACCAACCCACGATAGTAGTTGTTGTGAACAATTA[C/T]CCCGGCAACCATACCAGTTTCCACAACCAAAACAG snp PolyHighResolution LG6 4429025
611 LG6 34.812 B039-27 AX-89799934 AGTTTTATGGTTATGATAACGTTTCTGATGATACA[A/C]AGGTTTTGTTTCCTGCATTGAAAACATTAGATATT snp PolyHighResolution LG6 8402132
612 LG6 34.812 B039-27 AX-89799998 TGTTTTTCAGCACAAAACCTTCCAGAAGGGACTCA[A/G]TGGAGTCGAAGAGTCAAAATGAGGGGTGGTGGAGG snp PolyHighResolution LG6 8769659
613 LG6 34.812 B039-27 AX-89808541 TATTTCTATCATAAGACTAGAACCATAACTTATAA[-/ACTT]AACCACTTAATTGGTCATCACATTGCTAAAGGTCA ins PolyHighResolution LG6 4390259
614 LG6 34.812 B039-27 AX-89808565 CATGTGGAAGTACAGGTACAAGCAGAATTGTCTGC[-/ATA]AAAAAAAAGACAAAAAAAGAAATAGGTCAGCAGAT ins PolyHighResolution LG6 5657493
615 LG6 34.812 B039-27 AX-89815718 TAAACAGCATTCTGATGCTTTTCCTTAGGAGTGAT[C/T]GAGTGCTTCCTGAGACCAGCTAAACTAAACCAAAC indel-snp PolyHighResolution LG6 8791892
616 LG6 34.812 B039-27 AX-89842037 AAAAAGAAGCGTATTGGGCAGGACTCACAATTGCA[A/G]TAAGTTTTGTCACAGGAAGACAAGCGACATTTACA snp PolyHighResolution LG6 4920164
617 LG6 34.812 B039-27 AX-89842261 CAGTTCAACTTGCTTTGGAGAGGTGACATTTGTGA[G/T]ATGGTGAGCAAAAGCAGCAATGGCTTGACCAGATG snp PolyHighResolution LG6 6141146
618 LG6 34.812 B039-27 AX-89850271 AAGCATCCTAGTCTGTTTTCAACCAGCTTCCAATA[C/T]CTCTCCAAAAGACAACTCCTGTGACTCTTTGAAAC snp-snp PolyHighResolution LG6 5471827
619 LG6 34.812 B039-27 AX-89866709 ATTTTCCAACCCATAAATAGACAAAGTGCCGTGCA[A/G]CTGGTTTAAGCCACTCAGTTCCTCAATTCTAGGAC F1Dsnp PolyHighResolution LG6 4291518
620 LG6 34.812 B039-27 AX-89899527 AAGTATCCGACGGATAGTCAAAGCTTTGCCACAGA[C/T]AGCTTTCGGAGTTGGCTCCTTCTTTTTCGTCTCTG snp PolyHighResolution LG6 6154998
621 LG6 34.812 B039-27 AX-89799329 ATACCCAGCCTATTCTTACCTGACAACAATCTTAA[C/T]AGTCTCAGCAGACTCAACCCTTGGTGATGCCTTGA snp PolyHighResolution LG6 4918284
622 LG6 34.812 B039-27 AX-89805760 TTTAAACTGTATCTGAAGTGCAGTTGGCAATCATC[-/GCGGAA]GATGTAACAGTAAAGGGGTATCACAATACCTTCAG del PolyHighResolution LG6 4339296
623 LG6 34.812 B039-27 AX-89805840 CCAACACACCCAACATATCTGCTTCTCATATCATT[-/TTTA]TCTAGAAGTCTCCTCATTCTTCTCCATATGACTTG del PolyHighResolution LG6 8787179
624 LG6 34.812 B039-27 AX-89841958 TTTGATTGAGAAACTTGAAACAGAACCATGGTATA[A/C]AGGAACATATTTGACTCTCTTTGTCATTGCATTGG snp PolyHighResolution LG6 4406425
625 LG6 34.812 B039-27 AX-89842803 GCGAACTTCCTCCGGTTGAAGTGAATGCCGCCGAA[C/T]AAGAATGAAGCTCCTTCCGCCATCAGATATGGCTT snp PolyHighResolution LG6 8464640
626 LG6 34.812 B039-27 AX-89850247 AACCAAAGAAGTACATATTGTGAGGAAATGTAAAA[A/C]AAGGCACTTCTATTTGTCATGCTTTCTACCTCCAA snp-snp PolyHighResolution LG6 4546599
627 LG6 34.812 B039-27 AX-89859551 CTATGCTAACAGGTTGAAGCTCGGATCGTTGTTCT[C/T]GCGGTTCTGCGAATGATCAAAGAGAACTATATCTT mSNP PolyHighResolution LG6 4282249
628 LG6 34.812 B039-27 AX-89868957 GAAAAAAGATGCAAGTACTATTGGGTTAGTTGCTA[A/G]TAAGTCCTCATTAGAGTCAACAATCTCCCATGATA SNPinIns PolyHighResolution LG6 8400009
629 LG6 34.812 B039-27 AX-89900035 ACGATGAATGTTGGCTAATATTGAAGGACAGAGCA[A/G]TTGGGAGTGCTCCTGTAGTTGAAGATCAAGAGAAA snp PolyHighResolution LG6 8400626
630 LG6 34.812 B039-27 AX-89842790 ATCTGATGTTTCTGCCTTCCGTCCAAGCTATGCGC[C/T]GCCTCACCAAACTAGAGACGCTATCCATCCACAAT snp PolyHighResolution LG6 8403434
631 LG6 34.812 B039-27 AX-89805768 TCTCAACAATCATTGCTGGATGAAATTGATGAACT[-/GGC]GGTCGAGGACAGAAAATTAAACGACAAGATCAACT del PolyHighResolution LG6 4940227
632 LG6 34.812 B039-27 AX-89805777 GGCTCTAGTTCATTAAGATGATTACCTTGTAAATG[-/TGTT]TGTGCTCTAACTGAATCTAATCTTATGAATATATT del PolyHighResolution LG6 5347896
633 LG6 34.812 B039-27 AX-89842262 TCCCATCCCAGCTTCATCTCCGGTAACAAAGTATC[C/T]GACGGATAGTCAAAGCTTTGCCACAGATAGCTTTC snp PolyHighResolution LG6 6154970
634 LG6 34.812 B039-27 AX-89850252 ACCTCAAACCATACTCTCAATTTCTTCCCGAAAAT[C/T]CGGAAAAGAGGTGTTTGCTTAAGAGATAAGGGTTT snp-snp PolyHighResolution LG6 4832755
635 LG6 34.812 B039-27 AX-89842150 GCCAGATCCAGTTTGTTAAGCTCCTCCTCGTTCCC[A/C]CTTGCGAGCAGAGAAAAATCGACGATGGGGATATC snp PolyHighResolution LG6 5549656
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637 LG6 35.822 B041-09 AX-89864642 CCTCAAAAAAGATTATCATTACCATTTGTTAATGG[-/ATTA]ATTCAACCGGTTTAGTTCGAATCACTGGTCCAATA ins PolyHighResolution LG6 8991188
638 LG6 35.822 B041-09 AX-89862005 AATAGGAAATCCTATTGGTGCAGTTCTTTTCTCAG[-/TTC]TTCTTGCTGGTAATTTATATGATGCTGAAGCAGCT del NoMinorHom LG6 22788587
639 LG6 35.822 B041-09 AX-89887914 AATGGTGAGAGAACTCACATTACTAGATGGGTTGA[A/G]CTCATGCTTCCTCGAGGAGACATTTACAGCATCAT snp NoMinorHom LG4 23935608
640 LG6 35.822 B041-09 AX-89815632 TCTGAAGTGACAATTAATCTTAATCACTTCTTCTT[C/T]TATACAACTTCTATATGATTGGCATATATATGTAA indel-snp PolyHighResolution LG6 11999195
641 LG6 35.822 B041-09 AX-89850364 AGAACAGGAGAATATATAATGGTGCAATTCAAATC[A/G]ACTTCAGGTAACATCACAAATCACGTCTTTGATTG snp-snp PolyHighResolution LG6 9476032
642 LG6 35.822 B041-09 AX-89881589 GGAACCCCTTGATCAAAGCCAAATTGACGAGCAAA[C/T]CTATTTGGATAGTATGGTTCTAACCAGAGCTCACC snp PolyHighResolution LG3 15752240
643 LG6 35.822 B041-09 AX-89894199 AAGTTGATGGCGTGTCTGTTGGGTGGTAAACTATC[A/C]TCTCGTTGACCTGCAAGCACAAGGATGACCGGGGG snp NoMinorHom LG6 10012958
644 LG6 35.822 B041-09 AX-89811671 GAGTGGACAAAAGGCACACATTTGACCATCTTGTC[A/G]ATACGTCAACCAAAACCATAAAATACCTATATGGT SNPinIns NoMinorHom LG2 20191767
645 LG6 36.832 B001-03 AX-89815640 GGTCGCAAAAACGACTTCCTCCCGTCGTCGTCGTC[C/G]TCCTCGTCATCGGAGTCCTTGAAATCGTCGCTTTC indel-snp PolyHighResolution LG6 15488856
646 LG6 36.832 B001-03 AX-89858973 ACAGCTGCGGTGGTATCAGCTGCTGTCAGACAACC[A/C]TTCCGGCCGGTTCTGATGCCTGGAATACCAGTTTT mSNP NoMinorHom LG6 26044652
647 LG6 36.832 B001-03 AX-89797347 ACATTGAGGGAGTTTTGGATGAAATTTTGAAGTCC[A/G]ACCTTAAATTCTGTGCTATTCCTGTGTAGCTTAAC snp NoMinorHom LG6 28600849
648 LG6 38.873 B034-45 AX-89870692 ATCATCGCCTCATCAATATTGTCACACTTTCGCAC[A/C]GGCGTCGTCAAACAATAACATCGTCTAGTTGCACA codon-based PolyHighResolution LG4 23738072
649 LG6 38.873 B034-45 AX-89895540 GCGAACCTAAACCTTTTGCCAACCCGGAGAGTTAG[A/G]GTTAGAAGAGTTAGGTTCAGCAGAAGCTCTAGGAA snp PolyHighResolution LG6 18010225
650 LG6 38.873 B034-45 AX-89796779 ATTGTGTTTATTGTTCTTGATTATTCACAGGGAAA[A/G]GATGCAGCTGGTAGATGGACTGAGACACTACTAGT snp PolyHighResolution LG6 24347525
651 LG6 38.873 B034-45 AX-89808169 TGGCACTTTGCACCTGAACTAATCGTGATCAGACA[-/GACT]GGTCACATCAAAATCAATCAAATAGGTATCCAATC ins PolyHighResolution LG6 19124855
652 LG6 38.873 B034-45 AX-89808190 GAGAGAACCAAGCTGTCTGGACGTGTTGAGTTTCC[-/AGT]TAAAATAAGTTGTAAATTTCCTTGTGTAGGAAGTG ins Other LG6 21154210
653 LG6 38.873 B034-45 AX-89848526 ACCAAAGTCTGGTATGCTTCTAACTATGCTTTCAG[C/T]TTTCTTTCAGTAATGCAAAGCTGCAACATTACTAA snp-snp PolyHighResolution LG4 23145118
654 LG6 38.873 B034-45 AX-89849874 CTTGTTAAAGCTCTGGAGGTAAACTTCTTAGTTAA[C/T]GCCATTTTACTCAATCAGTAGTAGATCGAAGGGAG snp-snp PolyHighResolution LG6 23533174
655 LG6 38.873 B034-45 AX-89857187 CCCAACCGTCCAGGAATGCACATGAAGTTGATTAA[C/T]TTTCTTCTAAAGCTGAAGGCTTCACGCATTGTTTA mSNP PolyHighResolution LG4 23782004
656 LG6 38.873 B034-45 AX-89858558 CTTAGTATAAATTTTGACATTGAAGAACCAACAGC[A/G]AATGGAACGAAGCGTCCACAAATGGGTAGCTGCTT mSNP PolyHighResolution LG6 14756806
657 LG6 38.873 B034-45 AX-89858606 TCTGCAAGTTTTGCTGCTAACTGTTGCTGCTCAAC[A/G]GAGCATTGATTTCCATTCCAAGCAAAAACTGAGGA mSNP PolyHighResolution LG6 15970802
658 LG6 38.873 B034-45 AX-89864289 ATTCACATATGTCAGTTAGATTTAATTATGTGGGT[-/TAAAAA]TACTGTAAAATTGCTCACTTTGATGAGTCATGTAT ins PolyHighResolution LG6 22519557
659 LG6 38.873 B034-45 AX-89872729 TGTTTAGGAATGACAAAAGGACACCAAAAAGAGTA[G/T]GATCAAAGTCATGTAAATAAGAGCTGTATAACTCA indel-snp PolyHighResolution LG6 20404663
660 LG6 38.873 B034-45 AX-89905253 TTCTTGATATCACAGGTCGGCTAGTTATTATCTGC[A/T]GGAGAGCAACTCCAAAGCTATATACATCACTCTTC snp-snp PolyHighResolution LG4 23858325
661 LG6 38.873 B034-45 AX-89905930 ATTATATATCTAATATGACTATCTCACACAGATTT[C/T]AGTGTGAGAAAGTTATTTGTCATAGTGCAATCATG snp-snp PolyHighResolution LG6 11013392
662 LG6 38.873 B034-45 AX-89914495 CTCTATCTTGCACCAACTCGTCAATGTTCTTCAAG[C/T]TTAATGCTATGTCCACATTCAAAATGTGGCTTCCT mSNP PolyHighResolution LG6 14761063
663 LG6 38.873 B034-45 AX-89914530 AAAAGAGTCAGCAACTACAGAGGATGTAGTCGTCA[A/G]AAAGGTCCATCCTTTGTTACTTAAGAGGATGTAGT mSNP PolyHighResolution LG6 15871019
664 LG6 38.873 B034-45 AX-89914886 CGCATTTAGTTATACCTCGATGGTTTGATAATGCC[A/G]GTGGCATCCTTGAGAATTGTTAGATTTGTTCTTTT mSNP PolyHighResolution LG6 25309197
665 LG6 38.873 B034-45 AX-89914893 GCAGTAAAAGTGACTGTTGCAATTAAAATGGCAAC[A/C]AGTGTTATGGTGTTCCTGGCATTCTGGATCGCCTC mSNP PolyHighResolution LG6 25445076
666 LG6 38.873 B034-45 AX-89796301 TGGAGGAGGTTGCTGAAAATATTGCATTCCAAACT[C/T]AGAACCTAATCTGGATTTAGAGAGAATATCAGGCA snp PolyHighResolution LG6 19841739
667 LG6 38.873 B034-45 AX-89796500 GAGAGCAGGAGAGCACGAATGAAATGTGAAGTTAC[A/G]CACGTGAGGAACGTTCTGGAAAAGGGAAAGGAAAA snp PolyHighResolution LG6 22030171
668 LG6 38.873 B034-45 AX-89805317 AAAAAACAGTTCTGATCAATTCAACTATCAGATAG[-/AAAA]ACAAACAAAATGCAGTATTTAAACAACTAAACCAT del PolyHighResolution LG6 17076929
669 LG6 38.873 B034-45 AX-89805331 CATAAGTTTTTTATTTGATTCCGGAAACCCTTTCT[-/AGTA]GCAGACACCTGGAGAACGAAAGAACTAGAATCAAA del PolyHighResolution LG6 18303284
670 LG6 38.873 B034-45 AX-89839359 CATTTCAAAATTTGCAGTTGTGGGAGGAAAGATTG[C/T]GGGCAGCTGAAGGTAATGGCACCTTGGTCCTGCTA snp PolyHighResolution LG6 24376997
671 LG6 38.873 B034-45 AX-89839643 CTTCTGGAAGTTTCATGATAAACTCATCTGCATTT[A/G]CAGTTCTTGCTGCATCTTCTACCATTTTCATGTCA snp PolyHighResolution LG6 26426080
672 LG6 38.873 B034-45 AX-89849341 TTATTTCCAAGCAGAGAAACCATGTCCACAATACC[A/G]TCCCCTCCCATCAAGTGGCCAACCCTAATGCTAAT snp-snp PolyHighResolution LG5 3615554
673 LG6 38.873 B034-45 AX-89858487 GGCCCTAATGCCTTGATTTTCGCCATTACTACACG[C/T]GCATTAAACGCGTCGATAAAGTTATAATTGTTTAT mSNP PolyHighResolution LG6 12693041
674 LG6 38.873 B034-45 AX-89858755 CACAAACTTGATCCTCTTGGCAAACAAATAAGCAG[C/T]GACTGGAACAAGAAAATCACACTTCCTACTCACCT mSNP PolyHighResolution LG6 20610211
675 LG6 38.873 B034-45 AX-89868767 TTGGGGTAAGTTTGCTTTTCTTGATTGCTGTATGG[G/T]TTTCTCTTAAATCTATGCACATACTTACAGTTGTT SNPinIns PolyHighResolution LG6 25136581
676 LG6 38.873 B034-45 AX-89871559 TCTAGGCTACTGGTCAACATGCAATCCGTTTTAGC[A/C]GGCAGCCTTTCGAGGACGTTCAACAGGATCGGTGG codon-based PolyHighResolution LG6 26992321
677 LG6 38.873 B034-45 AX-89896968 CAGACCGGGCATTTGGGTGATGTGCTTAGCACAAC[A/G]GATGTGCAGCAGCGATGACAACACACGAGATGCCC snp PolyHighResolution LG6 26995814
678 LG6 38.873 B034-45 AX-89909231 TACTGGAGGACCTTCGATGTTATCATCTTCAATAC[A/T]TGGCATTGGTGGCTTCATACTGGAAAAAAACAACC mSNP PolyHighResolution LG6 21849431
679 LG6 38.873 B034-45 AX-89909821 GAAGGCAGAAATTGGCCGCTGGCTTGCTGGTTGTC[A/T]CTCAATTACAAATGAAGTCAACATTGTGGAGGTAA mSNP PolyHighResolution LG7 16493182
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681 LG6 38.873 B034-45 AX-89868230 CAGAAGTAGTAACCCTCTGCCTTTTACCTGACTTT[A/C]ATTTTTGTTGTTGTCACTTTTTGTCATTAGCTTTG SNPinIns PolyHighResolution LG4 23173595
682 LG6 38.873 B034-45 AX-89795996 GCTGTTGCAGTGCTAATTTGGAAAAGGTTGAAGTA[C/T]GTTCTAATATCTATGTCCTCACCATCCAATTGCTA snp PolyHighResolution LG6 17108972
683 LG6 38.873 B034-45 AX-89811425 CATGCATAAAAGGAGCTATTATATATATGCACTAC[C/G]TACCAATCTAATTACGTACATAAAATTAAGTTTTA snp-in-del PolyHighResolution LG6 24018765
684 LG6 38.873 B034-45 AX-89838505 ACTTTTCCCTCTTTGTGATGCTGATATGGCTTCTG[C/T]TGAATCTGCTAATGATGAGTTTATACATCCTCCCC snp PolyHighResolution LG6 18950328
685 LG6 38.873 B034-45 AX-89838685 AGCTCTCCTGGCGTGTTGTTGTTACTCCGGCAAAT[C/T]TGTCATCAACTCCGGCCGCCTTTCCTCTATCGCCG snp PolyHighResolution LG6 20488421
686 LG6 38.873 B034-45 AX-89839143 TCCACAAAGTTTTGCAATTGATTCAAGTCTGGAAC[C/T]TGCACCAGAGTCTGGGGCAAATCTTGAGCCATATC snp PolyHighResolution LG6 23072019
687 LG6 38.873 B034-45 AX-89849737 GTAGGTATAATGATTTATTGTTCATAAGAGATCTG[C/T]GGAAATAACGATTCTGTCCTTACTTATGTCTTAAT snp-snp PolyHighResolution LG6 17701769
688 LG6 38.873 B034-45 AX-89867314 ATACTTGTCCATTGATTGGGCTCCTGAATACCATC[C/G]ATCATGGGGAAACCGAAATAGAAAGTCATTGTGTT snp-in-del PolyHighResolution LG6 26399084
689 LG6 38.873 B034-45 AX-89895371 TTTGGGAGCCCATGGAGGCCCAGAAAAAGTATCCG[C/T]GGAGTAACTCAGACTCTGATGTTACCTTAAGTTCA snp PolyHighResolution LG6 16867969
690 LG6 38.873 B034-45 AX-89906062 CATGCTGCTGGTGGTGGTGGTACAAGGGCGGGTTT[A/G]CGGCGGCTGGATGACTCGCATAGCGACGGAGGCGG snp-snp PolyHighResolution LG6 17628445
691 LG6 38.873 B034-45 AX-89796647 CAGAGTCATCCTCCTGACTGACATTATTGTCAAAA[C/T]CCTCTGAACCATGCTCTTCTTTTGTCTCATGATCA snp PolyHighResolution LG6 23153497
692 LG6 38.873 B034-45 AX-89868619 TAGTTGGTAGTAGTTGTAGCAGCGGACAGATGAAG[C/T]ATCATCAGCCTAAGACCAAATCAAAGACTTCGAGA SNPinIns Other LG6 10183999
693 LG6 39.883 B007-15 AX-89797380 CTAAGTGGATACATCAGAATTAGAAGCAAGACTCA[A/G]GGTATTGCGTTGAGTCTTGGAGACAAGATCACCTT snp PolyHighResolution LG6 28829181
694 LG6 39.883 B007-15 AX-89808314 CAACAGCAACTTGTGCCAGGATTAAGGCCTAGACG[-/TGC]TGCTCCAATGCCAAACTTCTTTGCTCCAATGGTCC ins PolyHighResolution LG6 28821695
695 LG6 39.883 B007-15 AX-89840194 AGGACTTGATTGATATTATCCTGTCTCGTACCCAG[A/C]GGCAGACCCCAACTGTAGTCCACAAGGGTTATGAC snp PolyHighResolution LG6 29174006
696 LG6 39.883 B007-15 AX-89859112 ACATAAATATCTTTGAAGTCTCTTCTAGAAGGTGG[G/T]AGCATAATATGTTTAATTTCAACAATGTCAGGATG mSNP PolyHighResolution LG6 29785775
697 LG6 39.883 B007-15 AX-89868804 AATATTGTTTTAACTGTTCTCTTACGATGAATGAC[A/T]TTATAGATTTGATGTCGAAGATTTATTGGAAAGAT SNPinIns PolyHighResolution LG6 29036086
698 LG6 39.883 B007-15 AX-89871593 TGCAGATCCTAGAGTGTATAGAGCAGGAAGAAACC[A/G]GTCATTTAAAGGGTACGGCAATTTTACTTTTGGTT codon-based PolyHighResolution LG6 28513219
699 LG6 39.883 B007-15 AX-89897476 ATTACACTTCCTGATGATGAAGATGAGCTGTTAGC[C/T]GGCTTAACAGATGATTTTGATCTAAGTCGGTTGCC snp PolyHighResolution LG6 29799487
700 LG6 39.883 B007-15 AX-89906265 CATATTAATGAGGCCTCTGTGAATGTGAAAAAGGA[A/C]TGAAAACTAGGAAAGAAGCTGATAATGTTTTGCTT snp-snp PolyHighResolution LG6 29027485
701 LG6 39.883 B007-15 AX-89840302 TCGGATCTCTGGGCCGGGTCTTTGTAGCTGACGTA[A/G]CGGAGAACGACGTCGCCGTAGAGATGGACCTCGGC snp PolyHighResolution LG6 30133113
702 LG6 39.883 B007-15 AX-89859092 TTTTGTTTGCAATCCCTCGAATGGCTGGTTACTTG[G/T]CACACTGGAGAGAATCCCTGGATGATCCTGATACG mSNP PolyHighResolution LG6 29172703
703 LG6 39.883 B007-15 AX-89867327 ACAAATAATTGTTTTCTGATTTTCCAAAAACTTAT[C/T]TATCTGCCTATTTCAGGATTGGCAAACATGTGGGA snp-in-del PolyHighResolution LG6 30653499
704 LG6 39.883 B007-15 AX-89840243 GCATCAATGCTTGTCTAGGATCAGACCACCAAGGC[G/T]TATCATCATACCCGTACTCATACTCAGACTGTGTT snp PolyHighResolution LG6 29743511
705 LG6 39.883 B007-15 AX-89840316 TCCAGACCATAATTCTTCCCAAACACAATCAGCAG[C/T]AACTTTTCACAAATGGAAACGATACTAACACCCGC snp PolyHighResolution LG6 30215573
706 LG6 39.883 B007-15 AX-89840234 ACCTCACCCTTATGGAGAATGACTTCAAATGCCTC[A/G]GCTACATCCTCACAATAGAGATAACTCCTGACATT snp PolyHighResolution LG6 29666142
707 LG6 39.883 B007-15 AX-89797395 TTGTAAGATCCTATTACAAGAATAGTAATGGACCA[A/G]ATCACAAGAACTTTGAGAATGGAAGGGTCACTAAT snp PolyHighResolution LG6 28865885
708 LG6 40.893 B059-12 AX-89811404 ATAAAATACAGGTTACTTGGGATTGGTAAAGGCTA[C/T]AGCCTGCATAGCCTACTCCTAGGCTTTAAAAAGCA snp-in-del PolyHighResolution LG6 15461089
709 LG6 40.893 B059-12 AX-89811463 TGCAAATCTGCTTGGGTGTCTCTTGGTTTGATATG[A/C]TGCTAGAGGTTGATGCAAAAATTTTGCAGCTTTTT snp-in-del PolyHighResolution LG6 31117607
710 LG6 40.893 B059-12 AX-89837889 GAGCTTGGAAATGTCATCGAATTCAACATATCCAC[C/T]CAAGTTATTTGCTTGGAGGTGAATATATTCAAGAT snp PolyHighResolution LG6 15125769
711 LG6 40.893 B059-12 AX-89856536 ACTGGACTGAACCTACCAAGTCCATAACCTCCAAC[A/C]GTACTTGGATTATACCCCTGAGTATAGCCAGTGAG mSNP PolyHighResolution LG3 3539026
712 LG6 40.893 B059-12 AX-89881969 ATTTATTGAATTTTGAGTACCTTCACAGCTCTTGC[A/G]TAAGGAGTTCCAGGAATGTAGAGAGGGAGAGAGAT snp PolyHighResolution LG3 19493776
713 LG6 40.893 B059-12 AX-89895089 TGCTCCAAGATCAAGTAGCCTCAAAGGACTGCTTC[C/T]GTTAAGGTCCTTAGGAAAGTAACCGGTTAGATAAT snp PolyHighResolution LG6 15126366
714 LG6 40.893 B059-12 AX-89897782 CCTTCACGTGTAGGTAGATCGGCCTGTCCCACTCA[G/T]CAACCTTCTTCTTCTCTCTTGTTCCCATTCTCTCC snp PolyHighResolution LG6 31458836
715 LG6 40.893 B059-12 AX-89795824 CGAATTCCAAGACACTAAATTCTTAAACTTGCTCT[C/T]GCAAAAAGCGCGGTAAGCATCATCCGCGGCACCCA snp PolyHighResolution LG6 15291221
716 LG6 40.893 B059-12 AX-89837890 CGAAGGTCTCCAATTGAAGAAGGTATATAACCAGA[G/T]AAAAAGGTTGCTCCAAGATCAAGTAGCCTCAAAGG snp PolyHighResolution LG6 15126322
717 LG6 40.893 B059-12 AX-89852129 GAGGCGGAGGTTGCGGCTGCTGCTATAAATATGGC[C/G]GCAAATATTGCGGTAAGCAGTGTTGCTGGCCTCAG mSNP PolyHighResolution LG3 3384199
718 LG6 40.893 B059-12 AX-89884375 TCGAATAAGGATTTCGATTATTATTTCTTCAGGGA[G/T]ATCAGGAATTTTGTTGACCTCTGTTGATCTTGATG snp PolyHighResolution LG3 3725766
719 LG6 40.893 B059-12 AX-89895086 CCATTTTTCGTACATCGGGAAGAAGAGGAAAGATT[G/T]GACGTATATCAGCTCGTTTGCATCAACAAATTTCA snp PolyHighResolution LG6 15120509
720 LG6 41.904 B035-04 AX-89859411 GATCCGGTTCACCAATCCTGGAAAGACCTTCCCCA[C/T]CTCCCTTGTTTGCCTAATACCGATTTCCGACGGTG mSNP PolyHighResolution LG6 36121859
721 LG6 41.904 B035-04 AX-89853523 CCACGAAGCATGGCCAAGAGACTGAACCCCAAAAA[C/G]GGGTAGTTCAATAGCAACAACTTATCCGATGCCTT mSNP PolyHighResolution LG6 34310253
722 LG6 41.904 B035-04 AX-89862136 GACTTGAGAGAGATCATGTGGAAGACGACGATGCT[-/GAA]GAAGGAGTGTTTCTCTAACGTGAAGAAGACATGGG del PolyHighResolution LG6 36119301
723 LG6 41.904 B035-04 AX-89798280 CGTCTCGATGTGGCATTAGGACCATATAATATTTC[A/G]ATGAGGTAGACAGTAAACTCAATCTCGTTTCCATA snp PolyHighResolution LG6 34318868










(cM) Bin ID Marker ID Marker Sequence Tag
Marker 
Category Marker Class Chromosome
Physical 
Position
725 LG6 44.997 B144-05 AX-89897830 AATTTTTCGTAATTCTCTCCAGTAATCACCATATG[A/G]AGCAAATGCAATATCTTTAGAATCATAATATAAGA snp PolyHighResolution LG6 31766218
726 LG6 44.997 B144-05 AX-89897835 GCAGCTCCATAATATTTTGTATGATGATGCTAAAG[A/G]ATGGTTTAAAAGAACTTGTTCTTTTCTGCATCCAT snp PolyHighResolution LG6 31782383
727 LG6 44.997 B144-05 AX-89915123 GTGAGAAGTAAACTTACATCCAACAATCCAATTCC[C/T]GTATAAGAATAGAGTCGTGTAGGAGTAACAGCCAT mSNP PolyHighResolution LG6 31655684
728 LG6 44.997 B144-05 AX-89797783 ATCCAAAACCCTCTTCGAATATATGTCTACCCTAA[A/G]CTTGGCCAGCAGCGGTAGCATTGCTACTCAAACTT snp PolyHighResolution LG6 31635460
729 LG6 47.038 B106-06 AX-89898114 CTCTACAACACTGAGAACCCACCTCTTCCTTGGAA[A/G]GAACGGCTTCAGATTTGTATTGGCGCAGCAAGAGG snp PolyHighResolution LG6 32810632
730 LG6 47.038 B106-06 AX-89811468 GGTAGATTCCAGGTGTCCTATTTCAGATTCCCATC[A/C]TTCACATTTCTATAATTTACATCAGAAACTTACTT snp-in-del PolyHighResolution LG6 32223068
731 LG6 47.038 B106-06 AX-89850099 GGGTGTCTAGTTGGATCATATCCTGAAGGCCGCCT[G/T]CTCGCCATTGGAATTTGAGGAACAGTGATCTGTGG snp-snp PolyHighResolution LG6 32925749
732 LG6 47.038 B106-06 AX-89898104 TGGGACGCTTGACCAAATCATTGATCCAAATTTGA[A/G]GGGTAAGATTGTGAATGTGTGCTTGAACAAGTTTG snp PolyHighResolution LG6 32798371
733 LG6 47.038 B106-06 AX-89897999 AACTACAGCGATGATTCCTATTCCTCGACGCAAGG[C/T]TTCGTCAAATTCAACGGATCCAATGTCTTCAGCCC snp PolyHighResolution LG6 32489755
734 LG6 47.038 B106-06 AX-89797860 ATGCTCAATCTCGGAGGAGATTCATCAAACGCGAT[C/T]GTACCATCACCTGGTGACTACCGGCAGCATTATGG snp PolyHighResolution LG6 32172760
735 LG6 48.059 B133-04 AX-89898247 AGGAATGAAGGGCAAGATGATACTGATATATACAG[C/T]AAGTTAGGCCAATGTACACCACAAGGTTGAGTCTG snp PolyHighResolution LG6 33420429
736 LG6 48.059 B133-04 AX-89906360 AATTAACGAATTTCATTAAGTTGTTGCACTAGTTT[A/G]TCTGCTTGGCCTGTCAATCAAATGCTTCTACAATG snp-snp PolyHighResolution LG6 33130358
737 LG6 48.059 B133-04 AX-89798051 GCTGGCCATACTTTGCTGACCAGTTCATCAATGAG[A/G]GCTACATTCGCGACGTTTGGAATGTCGGGTTGGGG snp PolyHighResolution LG6 33018569
738 LG6 48.059 B133-04 AX-89864455 TTTATTTACGTTCTGGGTTTCAACTTCAAGCTATG[-/GTAC]GTGATTGAGTTTTACTGTTTCTGCATTACCCACTT ins PolyHighResolution LG6 33063530
739 LG6 51.152 B063-04 AX-89798214 GTCTCATCTCTGAAATACTAGACAGTACTCCATCA[G/T]TGCTGAAGTCTAACTCCTCAAAAGTATATCGCAGT snp PolyHighResolution LG6 33982439
740 LG6 51.152 B063-04 AX-89841091 GTAACAATCGGAGCTTTGGCATCATCTTCTCCAAT[C/T]CTCAATTTTGAGAATATTACATCTCCGTATAGCTT snp PolyHighResolution LG6 33906282
741 LG6 51.152 B063-04 AX-89798156 CGGAAAAGAATTTATGGGTTGACTGTAGAAAGAAT[G/T]GATGGAAAAACATACACCTTTTCTCATGGCCTGAA snp PolyHighResolution LG6 33614410
742 LG6 51.152 B063-04 AX-89815684 ACCGAGTTTGGCGGCCATGTGAGTACCTTCTCATC[A/G]TCGTCATTTTCGATCGTTCTCCCAACTTATATCTT indel-snp PolyHighResolution LG6 33907322
743 LG6 52.163 B120-04 AX-89861937 CGTATGATTTTACACTCGTCCCATCACAAAGAACG[-/GATC]GACATATGATTTCATATATGCATGATTTAATTTTA del PolyHighResolution LG6 1747449
744 LG6 52.163 B120-04 AX-89866422 GATATTGTGCTGTCCACTTTCGGCTTCAACCATCT[G/T]ATGTAAGAGCTCAAGTCGAAGTTGGTCACAGCATT F1Dsnp PolyHighResolution LG6 1649212
745 LG6 52.163 B120-04 AX-89914582 ATTCTGATAAATTTAGTCACAAATAATTAGGTTCA[A/G]GGAGAAATAACCTACAATGGTTATAAACTCAACGA mSNP PolyHighResolution LG6 1754931
746 LG6 52.163 B120-04 AX-89796053 ATTCATCAGCCGAGTATTGACATATTTGAAGCATT[C/T]GATGAGGTAATTGACCAATATAAAAGTTACGAGTC snp PolyHighResolution LG6 1758877
747 LG6 54.225 B121-03 AX-89895797 CATTTGCAATTGGAGGAGAAAATAACCATGGGAGA[A/G]TCAGTATGGAAGTGACGTCAGGTCTGTGTTTATTT snp PolyHighResolution LG6 1951977
748 LG6 54.225 B121-03 AX-89788112 GCGAAGCCAGCAAAAATTAGATACTTCTCAAAGTC[C/T]GGTTCTTTCTCTTGCCCAACTCCATATCCTTGTTC snp PolyHighResolution LG4 10084593
749 LG6 54.225 B121-03 AX-89796295 ATAATCTCGTGAAGTCCGTACAGTATCACAAAGTT[C/T]GCCATCAGAATCTAGAACATTTTCTATATTCGCTT snp PolyHighResolution LG6 1966545
750 LG6 55.245 B104-03 AX-89788119 CAGTCCCCAGAGTGACAACTCGGCAAAATAGAACA[A/G]CTCCAATACAACAGTACACAAAAACGTCACCAAAT snp PolyHighResolution LG4 10098795
751 LG6 55.245 B104-03 AX-89809836 GATTTGTTTTGATTCGCAATATCTAAGAGCTCATG[C/T]AGTATACCATTGTTCTCGTCTGTGACAACTGCTAC F1Dsnp CallRateBelowThreshold LG4 10173143
752 LG6 55.245 B104-03 AX-89885626 ATGATTGCCCCCTCCACTGAGCTATGTCCCAGTCC[A/C]AGAAGGTGCCCTATTTCATGCAGAGCCACCGTCTC snp PolyHighResolution LG4 10114581
753 LG6 57.296 B171-02 AX-89841625 AGCTGGTGAGTTTAGCAAAAGAGATTGTGTTTGAC[C/T]AGTGAAGGAAATTTGGGGACCCTTATAGAGAGTTA snp PolyHighResolution LG6 36444122
754 LG6 57.296 B171-02 AX-89798627 CACTGTGAGTGATGATGAGTTCTGGGAAGGAGTTT[C/T]ACCGGTGGAGTTTGGAGAGTTGCCGGCACTACAAG snp PolyHighResolution LG6 36436365
755 LG6 58.307 B167-02 AX-89906426 CGCAACCATTCTTCCCCTGCTTCTATTCAATGTCG[G/T]GTTCAGAACAACAAACAGGTGACGTTTTTGGGTTC snp-snp PolyHighResolution LG6 36575136
756 LG6 58.307 B167-02 AX-89815695 GAATCCCAGAGGAAAATGTATGCATAGCTCAAAAG[A/T]CTACATAAAATTAGCAAAATATGTGAAAGCAACAC indel-snp PolyHighResolution LG6 36672582
757 LG6 59.317 B107-05 AX-89798778 TACAACAGATTTCAACTACTACTAGCAGTACTAAC[G/T]GTAAGGATCAACAATTCTGTACTGCGGATCTTGGT snp PolyHighResolution LG6 37024462
758 LG6 59.317 B107-05 AX-89850172 CCGAGTTAACATACTTTCGACTGCAATTTTGACAT[A/G]GGTCCTGTGCGATTTCTTGCAAATGGTAGGAGTGT snp-snp PolyHighResolution LG6 36927749
759 LG6 59.317 B107-05 AX-89899039 TTGTTGCCTGATCTGGGGTTTCTTGACCAATCCCA[A/G]TTCTTCGAAGCGGAAACTTTTTACCCCTTAAGCCT snp PolyHighResolution LG6 36929595
760 LG6 59.317 B107-05 AX-89906441 ACTTGATACACAGCTAATTTCAGCTGCATCAATGA[C/G]CCACTGTCGTTTGATACTTCCGTCTGCATCTTGCA snp-snp PolyHighResolution LG6 36998922
761 LG6 59.317 B107-05 AX-89899021 TTACAGAGATGTTTGTTAGTATGCAACAACGAAAA[A/G]GAGAAACAAGTATTGGATAAATTCAGGCTTCGCAT snp PolyHighResolution LG6 36864845
762 LG6 61.368 B089-04 AX-89798818 CGCCGCAGCTTCCCACAAACTGTAAAAGATGTCCA[C/T]CCTGTCACGCAAATACAATTCCTATCTTTCCATCA snp PolyHighResolution LG6 37272757
763 LG6 61.368 B089-04 AX-89810689 GCTGGCAAGATGGAATCCGACCTGAAGAGTCTATC[A/G]GATGCTTACAACAGTCTTGAGCAGGCCAATTTCCA F1Dsnp PolyHighResolution LG6 37241394
764 LG6 61.368 B089-04 AX-89798807 AAAGATGCAAATAAGCTGGCAAACAAGACAACTCT[C/T]GTTCAGGTATCTTGAAACATCATAACCAGTGCTCC snp PolyHighResolution LG6 37238718
765 LG6 61.368 B089-04 AX-89866651 TTCAGCTTCTCGAAAATTGTTCAATGGCTGATCTC[A/G]TTTGCCCTATTTGTGATTATCTACGAGAACATAGG F1Dsnp PolyHighResolution LG6 37129174
766 LG6 73.192 B038-03 AX-89799044 AACCGATGAGGAGCATGATGAACTTCCCTTCAGAT[A/G]TTCTTGTGGTGCACTCTGAGGTATTGATCTTGATT snp PolyHighResolution LG6 38452667
767 LG6 73.192 B038-03 AX-89915478 CCATGCTTCCACTGCCCATGAACACTGTCGTACTT[A/G]AACATGTAGCTCTGAGAAGATGGGATTAGTTAATA mSNP PolyHighResolution LG6 38668741
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769 LG6 74.202 B037-04 AX-89799017 CACCAGCTCCTTGTTGAGTCATCTAATGCATCATC[G/T]GACTTTCCACCAATTTTTGAAGTCATATTCCCAAC snp PolyHighResolution LG6 38340142
770 LG6 74.202 B037-04 AX-89859485 AGCTTTATGGCGGTGGGTAGAGAGCAATCAGCTCC[A/C]GTAATGTACACACAGCAGGTCCCTTTTGCTGAAAA mSNP PolyHighResolution LG6 37810658
771 LG6 74.202 B037-04 AX-89906467 AATGCGCAGCTAACTCTTAACAGGTGGGGGTAGAC[C/T]GGAAGACCTCCTGATGAACCTCACTCATCAACTAA snp-snp PolyHighResolution LG6 38233226
772 LG6 74.202 B037-04 AX-89798988 GCCAATAAATATCAATGAGATGCAAATGGCCGTCA[A/C]TAGACTCCTTAAAATATCTATGTTCCCTAGTTTCC snp PolyHighResolution LG6 38186780
773 LG6 78.426 B036-03 AX-89798950 CTCCTTTCTCCAACAATTGGAGGGCTGGATGAAGT[A/G]ACCGAAGTACTTCCCAAAGCTGAGGAATGAATCAA snp PolyHighResolution LG6 38027180
774 LG6 78.426 B036-03 AX-89798951 ATGTTTAAAGGATGAAGAATCATGTGCTGACCATC[C/T]GCAGCCTGATATAGAGAGAAAATAGCATATATGAA snp PolyHighResolution LG6 38028191
775 LG6 78.426 B036-03 AX-89867342 AATGTATGCATGTTCCTGATGTTTCTTCATACATG[G/T]TGTTGTTCACTGTGGATTAGTTATCAATAGAGAAG snp-in-del PolyHighResolution LG6 38104111
197
776 LG7 0.000 B044-08 AX-89801578 ACCATCTTTCTGTACTTCAGTCACATTCATCTTAC[C/T]ATCTTTCACCGGAGTTTCATCCATAACTTGTCCCT snp PolyHighResolution LG7 19608237
777 LG7 0.000 B044-08 AX-89850684 CAAGTGTGCGTACAGGAATTAGTAGGTGTATGTGT[A/G]TCTAACCAGATATTCCTAAACTTGTAATTTTGACA snp-snp PolyHighResolution LG7 19344888
778 LG7 0.000 B044-08 AX-89902152 AGAATCATAATATGCACAAAGAGAACCTGCTGGGC[A/G]TATGCATTTGCTAATACACAAAACATACTGGCAGA snp PolyHighResolution LG7 19654270
779 LG7 0.000 B044-08 AX-89801560 TCCAACCGCAATGTGTTACAAAGGCTCCAACTGAA[C/T]CATGCGCCAGGACCTGTGGTTGTGGCGCCCAAGGC snp PolyHighResolution LG7 19513823
780 LG7 0.000 B044-08 AX-89844775 GCTCCTGGAAATAAAGGCAATCCCAGAAACAATTC[C/T]GCAACTATGCATCCAAAGGACCACATATCGATTGC snp PolyHighResolution LG7 19321025
781 LG7 0.000 B044-08 AX-89801577 ATCCACACAATAGCAAATAAATTCCATAACTTACC[C/T]TTATCATCAGCTGAGCTCTCTTCACTAGATTCATC snp PolyHighResolution LG7 19608085
782 LG7 0.000 B044-08 AX-89916049 CAGCTATGTCCGCTACGTCCGCTAATCCAAAGTAC[A/C]GGATTAACCCGGTGACCAGATCATTGGGAGCTTGC mSNP PolyHighResolution LG7 19540351
783 LG7 0.000 B044-08 AX-89902139 AAGCTGATCCGCTAAACCAGATGTTTTAGCATGAT[C/T]CAAAATCTGTTTCACTGCTTCATTAGGACCACAAA snp Other LG7 19564117
784 LG7 5.402 B045-03 AX-89801621 GTACCCAAATGGGTTCAGGTTGAACAGGGCTACAA[G/T]AGCAGGGTACTGGAAGGCTACTGGTAAAGATCGTA snp PolyHighResolution LG7 19851721
785 LG7 5.402 B045-03 AX-89815757 GCTAGGCCATAAGTTGCTCGGGCATTTACCTACAA[A/G]TTAAGAACATACTGTAAGCCACTAAGGAGTTTATC indel-snp PolyHighResolution LG7 19787771
786 LG7 5.402 B045-03 AX-89844912 CTCTTTCAATCTGTCTGCCTTGGGCCTCTAAAGTT[A/G]TGATAATTCTTGGAGTTAACAAGAATCAATGAGCT snp PolyHighResolution LG7 19784208
787 LG7 7.474 B046-03 AX-89801642 GCAGGTATTGGTGTATCAAAACAATTAGCTTCAGA[A/G]CATCTCCCTTCGTATTATGAGCTGAAGTTGGGGAA snp PolyHighResolution LG7 19957819
788 LG7 7.474 B046-03 AX-89872881 TAGAAATATCAGTAGTTACATGGAGATTGAGAAAT[A/G]GAGGATGAAGAGGTGGTGGTGGGAAAGAGGAGGTC indel-snp PolyHighResolution LG7 19976840
789 LG7 7.474 B046-03 AX-89844950 AGAACAAAAATTAGAGAGGTTTATGAGCGAGCTAT[C/T]GCCAATGTTCCTGGGACTGGGAACGAGCGGCTCTG snp PolyHighResolution LG7 20009000
790 LG7 11.763 B047-02 AX-89801671 TGAGCTGCATCACCAAACATTCTCCTCACTATAAT[A/G]TCTTGATGTTGGGCCGTATTCTGGGAGGTATCGCC snp PolyHighResolution LG7 20175347
791 LG7 11.763 B047-02 AX-89860119 TGCGTCACGGAAAAACACACCAGGTGACATCCAGA[C/T]GTCGGCGCCGGGAGGCAATATTTCCATGGGCTTCC mSNP PolyHighResolution LG7 20195203
792 LG7 12.783 B172-02 AX-89845007 CTTCGAAATTAATCATCTTCGACTCCTCGCCCTGC[G/T]TCAACTTCTTCGCATCTGGCTCCTCCTCGCCCGTT snp PolyHighResolution LG7 20249452
793 LG7 12.783 B172-02 AX-89801706 GAAGAGAGTTAAGAAGAAGTGGTTGAGTAGATTGC[G/T]GTCCATGACATGCCTTGATGATAAGCAAAGGATTG snp PolyHighResolution LG7 20338446
794 LG7 14.866 B090-10 AX-89801724 TCTTTCAACAGCTTGGATTCTGAACAAAGCAAGAA[A/G]CTGTCTCCTGATTTGGATACCCAATGGGTGGGAAG snp PolyHighResolution LG7 20394038
795 LG7 14.866 B090-10 AX-89801779 ACTTACCAGTGGCGCTTGCTGAGCATGGAAATAGA[A/G]TCAAAGAGGTTAGACTCCCATCTGGAGGGACTGAA snp PolyHighResolution LG7 20742579
796 LG7 14.866 B090-10 AX-89850713 CTGGAGAGGGAAATGTGTTTCCAATTGAACTAGGA[C/G]ACTGAAACTCTTGATGTTCCACTTTTGGAACCTAA snp-snp PolyHighResolution LG7 20656522
797 LG7 14.866 B090-10 AX-89902351 AGTGAATATTGCTTCTTCAAGGCTTCATCATCGAC[A/C]ACTATATGATTCTCAAAATCAACCAAAAGCATCAT snp PolyHighResolution LG7 20504060
798 LG7 14.866 B090-10 AX-89902411 ATCAAAAGGAGATAAATGAGGTGAGGAATACTCTT[C/T]AAAAGGAGATTGACATGAGAATTCAAGCTGAAGAC snp PolyHighResolution LG7 20731897
799 LG7 14.866 B090-10 AX-89906784 CAATACAGATATTCAACTATGATCACCAACCCCCT[A/G]ATTAACCTACCCCCGTTTTATCATCACTTGCTCTA snp-snp PolyHighResolution LG7 20517781
800 LG7 14.866 B090-10 AX-89808844 AGTACGAGTCTTGTTTCAACTATCCAACTATCTAC[-/CCGG]CATACTAACTTATTATTATGGCACAAATCTAATGT ins PolyHighResolution LG7 20671017
801 LG7 14.866 B090-10 AX-89801767 GCTGGTGTCAAAGGGATTGTCGATGCGGGAATCAC[C/T]AAAGTCCCACCCATGTTTGAGCGTCTAAAGAAATA snp PolyHighResolution LG7 20700162
802 LG7 14.866 B090-10 AX-89850703 CATTCCAGATAGAGCAACAGAGACATCTTATACGC[A/G]GTAACTGTTCAGAATATATGTGTGTGTGTCGGCGT snp-snp PolyHighResolution LG7 20478584
803 LG7 14.866 B090-10 AX-89866922 TAATCACGTTGAAAATACTCGGTTGCGCAGCACAA[A/G]ATCAAGTCATTAGACGCCCCTACCACGACTGGCTC F1Dsnp PolyHighResolution LG7 20717702
804 LG7 15.897 B071-02 AX-89902308 GAGGAAGCCATGCTTGCCATTGGGGCCCTTGCTTA[C/T]GCAAGTGGCCCAGAATTTGCAAAATACATGCCCGA snp PolyHighResolution LG7 20369805
805 LG7 15.897 B071-02 AX-89845026 GGTTTGATACTGAAGAATGCTTTGGATGCTAAGGA[A/G]CAACATAGGAAGTCTGACCTTGTTCAGAGATGGCT snp PolyHighResolution LG7 20368110
806 LG7 16.907 B048-02 AX-89801826 TCAATTCAGAACCAGTGCACCATAGCAAATTACAT[A/C]ATTTCTGTTGAAAGACTAAACCAATATATGAACAT snp PolyHighResolution LG7 21046215
807 LG7 16.907 B048-02 AX-89916128 AGAGGAAATGCTTTAGAAAATGAAGTTGAGGAAGC[G/T]GTTGTATCTTCTGGGAGGTAATTGAGCTTCATTCA mSNP PolyHighResolution LG7 21097700
808 LG7 17.917 B166-02 AX-89806117 CTGCAGACAGCACAGCCCTCTTTATACAAGTACTC[-/CTT]CTCTTTTTCCACTACAAAATTCAAAAGAAAAAAAT del PolyHighResolution LG7 21266784
809 LG7 17.917 B166-02 AX-89810976 CATCAAGCAGCTATGCCTGCGGCAGACATTCTTTC[A/G]TTGAAGCCATGTGTTTGCTATTGAGTGAAGTACTG F1Dsnp PolyHighResolution LG7 21331516
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811 LG7 21.075 B070-09 AX-89864803 GTTGCGTTAAAAATTTGTCAGACCAATCCAAGTTT[-/AGGGAA]AGGGCTTTTAGCAACAATCTGCAACTAACACAACT ins PolyHighResolution LG7 19179274
812 LG7 21.075 B070-09 AX-89801481 ATTTGAAGGTACTACGCTTGGGATTATCGAGTTTT[A/G]AAGACGTTTGCCAAACATTATTCAACTGGGGAAAT snp PolyHighResolution LG7 19235652
813 LG7 21.075 B070-09 AX-89850745 AGAAGGTGTAACAACTCTTTAGGCTCAAAACTAAC[A/C]GGCATAAGTGAAAATTAAAGAGGACAGATTCTCGC snp-snp PolyHighResolution LG7 22243264
814 LG7 21.075 B070-09 AX-89902790 CCCATAGCAGCGCTGGCCTTGAGTGCTGAGAAAAC[A/G]ACATCATTGGTAAGAAGCTTGTGCAGGCCGGAATT snp PolyHighResolution LG7 22529404
815 LG7 21.075 B070-09 AX-89850741 TGAGCCTGATTGATGGTAATGGAGATGCCTGCGTC[A/G]GAGGCGGCGTTGGTGATGCCTCGTCGGACGGCGAG snp-snp PolyHighResolution LG7 22101907
816 LG7 21.075 B070-09 AX-89801451 AGAGTTCACTTCTAAGTATTCAAAATGGGATGATA[G/T]TGATAAACTGAGTCAGACTCCTGAGTTGGAAAGAG snp PolyHighResolution LG7 19095130
817 LG7 21.075 B070-09 AX-89902748 ATGAAGACCTCCATCAATGTGGAGGGTGAACATCG[G/T]CTTATAATTCACCATTTTCTTCTCATCGCTAAGCT snp PolyHighResolution LG7 22322400
818 LG7 21.075 B070-09 AX-89844754 AAGTTAGTAGATTCAATGCAGGGTGCAAGAAAGAT[A/G]TTTGCTGCCACAGATTTGCAGCGTCAGGTTATTTA snp PolyHighResolution LG7 19235733
819 LG7 23.126 B043-06 AX-89801421 AGGCCGCCGAAGCTTCACAAGAAGCTTTACATTCC[A/C]ATGAAAGAGTACCCCGGTTACAATTTTATCGGGCT snp PolyHighResolution LG7 18851815
820 LG7 23.126 B043-06 AX-89801378 AGTGTTATGTCTTCATCTTGGCATCACCACCTTAG[A/G]AAGTTTGAGTTTAGGTTGACTAGGAATCCTTATCA snp PolyHighResolution LG7 18606846
821 LG7 23.126 B043-06 AX-89866883 TCAACTCTAAGCCTCTTAAGATTGGGACGAAACCC[A/G]TTCTCTTTTCCAGGTGTTTTCAGTGAAACCATAAC F1Dsnp PolyHighResolution LG7 18621998
822 LG7 23.126 B043-06 AX-89844661 ACACCTCCTGTGGCGGCCATCATGCAAGAAAGGAT[A/G]ACAAATGGTGTCACCTTGCCATTGTATTGTCTACC snp PolyHighResolution LG7 18779574
823 LG7 23.126 B043-06 AX-89850671 TAAACTGACTAAAATTTGTTATTTAAGACAGTCAC[G/T]CAGACGATCATATCGATGATGACACTCGATCACCG snp-snp PolyHighResolution LG7 18765522
824 LG7 23.126 B043-06 AX-89901882 ATATAGCCCATCCTCTTTCTGATGTACCTTCACTT[A/G]ATCAGAATCAGAACCAAATGGCACCACAAACCAAT snp PolyHighResolution LG7 18543004
825 LG7 27.371 B069-05 AX-89901783 TGACAGGGACGATGCCAAGTTTATTGATAAAATTG[C/T]AGAAGATATTTCCGAAAAATTAGTCCATATTTCGT snp PolyHighResolution LG7 18264853
826 LG7 27.371 B069-05 AX-89801263 GAGATTGCCTGTTATTTCAGAGCATGACCTGATCT[C/T]GGTGTCTGCAAATCTCAAATTGCGAAAGTTTTCAT snp PolyHighResolution LG7 18109510
827 LG7 27.371 B069-05 AX-89862366 TCATTTGGAAGATCCGAAACCTGGTTCTGGCTTTC[-/TGT]TGTTGTTAATGTTGTTTCGTCTTCTGCTGTTGGGT del PolyHighResolution LG7 18234493
828 LG7 27.371 B069-05 AX-89906737 ACTACCAAGGTTATTATGTAAGAGAGGATGTTAAC[A/T]ACCATGATAAAAACGTAAGAGATGTTATCAAATTT snp-snp PolyHighResolution LG7 18225958
829 LG7 27.371 B069-05 AX-89844517 AGTTTGTGTTGGTCCGCAGAACTTATTTCAGGAGT[A/G]TCCACCAGTTCGAGCAAGGATGCAAGGCAATCCAA snp PolyHighResolution LG7 18269574
830 LG7 32.728 B042-02 AX-B042-02 TCTCGGAAGTTAGTTCTATGAAAACAGAGCATTAG[C/T]AGTGAATTTCGATCGAGTCTAGTAGTTGAATTTGT snp-in-del PolyHighResolution LG7 17099981
831 LG7 32.728 B042-02 AX-89801103 TTTCCAAGTGACTCCAGAAAACTTGATGAAGATAA[C/T]GAGCAACTTGCGACAACTTCTGGACCCTTGTCACT snp PolyHighResolution LG7 17084532
832 LG7 34.780 B085-04 AX-89901259 TCTGCAGTAGAGTTCTGTTGTCATCCCTAACCTTT[G/T]TACCTTGAACTAACACCCCAACATTTAGGCCACCA snp PolyHighResolution LG7 15516501
833 LG7 34.780 B085-04 AX-89844004 GTCCAATGGACCAAGGAGGGTTCATATTTATCAAT[C/T]GGTACAAACGGTGGCCAAGTTCAGGTAGCGTTATA snp PolyHighResolution LG7 15492769
834 LG7 34.780 B085-04 AX-89850543 ATCACCTTCTGAATCACATAATTACCGAACACGTC[A/G]GTCATCAAAGAGAGGGCTTGGGGCATAATTTCATC snp-snp PolyHighResolution LG7 15408851
835 LG7 34.780 B085-04 AX-89859918 AACAAGACTAATACATGGTTGCAGGTTCTGGATGC[A/G]CCATCACTTCAAGATGACTTTTACTTGAATCTGGT mSNP PolyHighResolution LG7 15492456
836 LG7 36.821 B056-06 AX-89808760 CTACAATCTAGCTAGACTGATACTGTACACGTTCT[-/TAA]TAACAATCAATCACATACAGAGGACTGGCTGACTG ins PolyHighResolution LG7 15756602
837 LG7 36.821 B056-06 AX-89866839 TTGGAATGACAATACTCATTGTATCATCAACTGAA[C/T]CAATTCGGGCCTTAACACCGAGTGACAGAGGGGTC F1Dsnp PolyHighResolution LG7 15755491
838 LG7 36.821 B056-06 AX-89810876 GGATCAAATATGACAATCTCATCAAGCCGATTTAG[A/G]AACTCAGGACTAAAGTGACTTCTCACCTATCCAAT F1Dsnp PolyHighResolution LG7 15777059
839 LG7 36.821 B056-06 AX-89850567 TATACACCCAAACAATGTGATGGAACATCAGCACA[A/G]AAGTCTACAAAGTGGAACTTGTGATACTAATATTG snp-snp PolyHighResolution LG7 15954993
840 LG7 36.821 B056-06 AX-89901320 GCAACTTGCATTGAACACTCTCCCACTAAACCAGA[C/T]AGGAGATGTTTTGCTCCAAGGTTAGAGGTCATGAT snp PolyHighResolution LG7 15777234
841 LG7 36.821 B056-06 AX-89810877 TGTGCCTTTTCCACTTCATCAAATAATACAACACT[A/G]TAGGGTCTCCGTCTCACGGCCTCTGTCAGTTGGCC F1Dsnp PolyHighResolution LG7 15777399
842 LG7 37.831 B110-05 AX-89901422 CTGCCCACTAGAGCCACAGCTTTCTTTGCAGGTAC[A/G]GAGAGGTAAAAACCACTCAAAATAGGAATCTCCGG snp PolyHighResolution LG7 16241028
843 LG7 37.831 B110-05 AX-89801019 ATACCAAAGTAGAAGTGTTGTAAGAAATTGGCAAC[A/G]ACAGTCACTATTCCCATGCAAGCAATGATCAAGCA snp PolyHighResolution LG7 16239304
844 LG7 37.831 B110-05 AX-89862343 CGGACGGTAATTAATTTTAACACCACCGAGGAGGT[-/ATA]ATTTGGAGTTGATGACCACAATGTTACGTGGGCAG del PolyHighResolution LG7 16101427
845 LG7 37.831 B110-05 AX-89906693 ACCCTCAAACTCCCCTCTTGTCATCATCTGCCGCA[C/T]TCCTTGAATTCTCCTGCTTAACCTTTACCGGTTCC snp-snp PolyHighResolution LG7 16169628
846 LG7 37.831 B110-05 AX-89901421 ATGAGAGGAATGATACTGCTCTTTCCAGATCCATT[C/T]CTGCCCACTAGAGCCACAGCTTTCTTTGCAGGTAC snp PolyHighResolution LG7 16240992
847 LG7 38.841 B078-06 AX-89866818 GTGGATTTAGAACAAAACAGGGATGTTAATGTGGA[G/T]AATATCCTCTCGATTCTTCCCTTGCAACTTCAAAG F1Dsnp PolyHighResolution LG7 15035279
848 LG7 38.841 B078-06 AX-89800857 GTTAAGATTAACTTGTGCGCGGAGTTTCCAGTTAT[A/G]GTGGAGTACAAGATTGCAAAGAGGAGTTGGTTTAG snp PolyHighResolution LG7 15107902
849 LG7 38.841 B078-06 AX-89800879 TTATACTCGCTCACAGATCGTTCATTAGTGTCATC[A/G]TCGCTTGACACAATCATTCCAGAACCTTCGGAGCA snp PolyHighResolution LG7 15193848
850 LG7 38.841 B078-06 AX-89859943 GTTTCACTCCTGGTTTCCAATGTTTTAAGTGGCAT[C/T]GTTGATTCTACTGATGCGCTGTACACTGAACTGGC mSNP PolyHighResolution LG7 16305152
851 LG7 38.841 B078-06 AX-89866825 AGACGATGAGTTAGACCCTGATACAAGTGAAATCA[C/T]TTGTACCTGGAATGGATACAGTTCTGGCGTGTCAG F1Dsnp PolyHighResolution LG7 15218369
852 LG7 38.841 B078-06 AX-89850577 CCAGTGTTTGAATTTGTTAGAATTCTTACCGTATT[A/C]TTTGTGAATACATAAGAGATGTCGTTCGGAAGCCA snp-snp PolyHighResolution LG7 16293331
853 LG7 39.851 B068-08 AX-89869033 CGACGATACGTCTGACGTGCATCACACCGGAGATC[C/T]TCTCTCTCTCTGCTAACAGTTTGATAAAGTGGACC SNPinIns PolyHighResolution LG7 14767797
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855 LG7 39.851 B068-08 AX-89805976 TTTTATTCATTCCACCATAGCAGAGATTATAGTTG[-/CTAC]CTTAATATTTGAGGAATAAAAAAGAAAACAATTGT del PolyHighResolution LG7 14899272
856 LG7 39.851 B068-08 AX-89808731 AATGGTTCTTGTCTTCTTGAAAGAGAGTGAGACAG[-/TAC]TGAGTTCCCGAGGGAAAACTCAAAATAACAAGACA ins PolyHighResolution LG7 14725788
857 LG7 39.851 B068-08 AX-89901081 AAAACAGACTATCACGGCGGCAAGTGGTCAATCAG[G/T]TTATTCATGGTCCGATATTCCATTAGAACTCATAA snp PolyHighResolution LG7 14759225
858 LG7 39.851 B068-08 AX-89800811 GTTGCTTGGAAGAAATAGTTCATGTATGTGATTAA[A/G]GTTTCTACTTGCTTCCGCTCCTCAATAGATACAAC snp PolyHighResolution LG7 14864936
859 LG7 39.851 B068-08 AX-89901095 ATCCATTCGTCTTCTCCAACTCGATTATCTCCGGC[A/G]TGTACGTCCCAGATAATTGAGATTGCTAAACTTGG snp PolyHighResolution LG7 14857634
860 LG7 39.851 B068-08 AX-89843825 TCAGCCGCATAAATAGTGGGAAGAACTCACCTCAT[C/T]GAAGAAGCCATTCTTTGGTGATGGGACTCGCAGAC snp PolyHighResolution LG7 14706771
861 LG7 41.892 B145-02 AX-89915832 TACAGAAATAGCAGCCGTAAAGAGATTTTCGCCTG[G/T]ATCGCTACTAGCCTCAAGGTTTGAACCAAGGGAAC mSNP PolyHighResolution LG7 14635966
862 LG7 41.892 B145-02 AX-89800786 AAGGCTTTGATGATGGTTCTAGCAGTATCAGAACA[A/C]ATACAGAAAAAAATGGATATAGTAAGCTGCAAGAA snp PolyHighResolution LG7 14640347
863 LG7 44.986 B052-06 AX-89805939 TTTAAGCTGCAGTTTTAATTTTCTCACCTTGACTT[-/CCTGTG]GTTTGAATCCTTGTTTTATTTGACCTTGGTATGAC del PolyHighResolution LG7 13477606
864 LG7 44.986 B052-06 AX-89906946 GCCCGGTATCTATGCGGTTCAGGAAGCAAATCTAC[A/C]GATCATGTTTTACTTGCCCACCTCAATGTCCACCG snp-snp PolyHighResolution LG7 928884
865 LG7 44.986 B052-06 AX-89906947 TATTTTGTTTTTGTTTTTGTAGGATGCAACACTAG[A/G]TCTTTCTAGGAGGTAATTAACTACTGTGTTATACA snp-snp PolyHighResolution LG7 932962
866 LG7 44.986 B052-06 AX-89800179 CTGCAAAGGTGCATTAAACCACGGTATTAGTTCAG[G/T]TTCACTAAAAGTATCGCAGCAAACGGGGCAGCGGG snp PolyHighResolution LG7 1019006
867 LG7 44.986 B052-06 AX-89800208 GCTACCTATCTCAATTCAATAATAGGTAAAACTAA[A/G]CTAAGGAAGAAGATATCGAAATACTGCTTGAGACC snp PolyHighResolution LG7 1039772
868 LG7 44.986 B052-06 AX-89862515 AAAAATTGAAACAAACTATAGCTAGCTACCCGGCC[-/ATAT]ATGCTTTAATTTTCATCCATATGTTATGATCGATC del PolyHighResolution LG7 931130
869 LG7 47.027 B146-03 AX-89859827 AAACTTTTGAGTTTTCCTAAACCGTGACTAATGTC[C/T]TATCTTTTGTCCAAATCAGACGTTAACTGCTGATG mSNP PolyHighResolution LG7 1239767
870 LG7 47.027 B146-03 AX-89906681 GAGAGAGGGATAAAGAGCGAGAGTAAAAGAGAGAC[A/G]GAGGAAGAAGGATGCAAGAAGATTGCAAGGGATAG snp-snp PolyHighResolution LG7 1558640
871 LG7 47.027 B146-03 AX-89800829 TAGTTGCTGCAAAGAAAGACAACTCTCACGCAACA[G/T]AACATACCTACAACCAAGGTATCCCACAAGCAAGC snp PolyHighResolution LG7 1499391
872 LG7 49.068 B049-11 AX-89802364 TACTAATATCATAGAACCCATATAACCACCAATAA[A/G]CAATAGATGTAAGCTATGTAAATATATCGGGCTTT snp PolyHighResolution LG7 3966860
873 LG7 49.068 B049-11 AX-89850801 GGCATGCCCAGCACACAAAGCTCATTGTGTTAAGA[A/C]TACCCTTTTCTTTCAACTCTGCCACAGAATGATTA snp-snp PolyHighResolution LG7 3706011
874 LG7 49.068 B049-11 AX-89850802 AAGGAATGCTTCAGTCATTTTCTTGGCACCATAGT[A/G]GTTTGTTTTAACACATTCTGCAGCTAACTCGTATG snp-snp PolyHighResolution LG7 3708571
875 LG7 49.068 B049-11 AX-89866964 GTTTAGTTTACGGATTCTGTCATAGTTTATGGATT[C/T]TGTCAATAACATATGATGCTTTCTAAACTTCGATG F1Dsnp PolyHighResolution LG7 3815489
876 LG7 49.068 B049-11 AX-89802263 CTTTTGGTTTCAATATCTTCAATAAGGAAAGGAAA[C/T]GATTTCGCTATGTTTGTTTTCTTCTTCTAATAATT snp PolyHighResolution LG7 3292413
877 LG7 49.068 B049-11 AX-89845610 TGCCACCCATTGGGAAGCTTTCTCCTAGGCTAAAA[A/G]GGATGCTGTTGGAAAGTATATCTTGTAGCTTTGTA snp PolyHighResolution LG7 3094607
878 LG7 49.068 B049-11 AX-89845693 TTTTTAATGTTTAAAATGGACTGGTTTGTCAATAT[A/G]TTAATACGTAATCCCCTAGCTCCAAAAATGCAACT snp PolyHighResolution LG7 3756278
879 LG7 49.068 B049-11 AX-89902889 CATTGCCAGTAATCGAATGAGGACCTATTACCATC[A/G]CAATAATAAGTCAAACAGGATAATGGACCTTTACC snp PolyHighResolution LG7 2977219
880 LG7 49.068 B049-11 AX-89867386 CGTTGTTACTTCAAACACCCAGTTTCCATACACCT[C/G]CTTCCAAAACCGTTCCCGGCCCAATAGGCTACCAC snp-in-del PolyHighResolution LG7 4171203
881 LG7 49.068 B049-11 AX-89906854 GAAAATCCACAACTCAAGTGGAAGAGATGCCAATC[C/T]GAAAGATAGCACCAACTTTGCTGCATATATTGCAC snp-snp CallRateBelowThreshold LG7 3941564
882 LG7 49.068 B049-11 AX-89808912 AGCAGATGAGATGTCTTTGTACGTAACATGGTGAT[-/TATA]TACGTGCAATTAGTGTTGCGGTGTTGGAGAAAGCG ins PolyHighResolution LG7 3803188
883 LG7 50.078 B050-33 AX-89803005 TCTGAAACTTACATCAGCTGCCCAATCAGGTAGAT[C/T]AATATGAGAAGGTACCACACGCTTACTAGATATAG snp PolyHighResolution LG7 9918641
884 LG7 50.078 B050-33 AX-89850385 TATTCTACACACTGGCTTATGATTGACATGTACTA[A/T]AACTTTTATACTAGGCCTCTTTTCCAGTGTGATAG snp-snp PolyHighResolution LG7 10148021
885 LG7 50.078 B050-33 AX-89850428 TTCCTTTAATAAAAATAAATGGCCATCTAAAGTTA[A/C]AGTTCCTCCATATCTGTAATGCCATGCCACAACTT snp-snp PolyHighResolution LG7 11353898
886 LG7 50.078 B050-33 AX-89850964 CATAAAACAATGTATTAAGCTTTCAAAAGCTGAAC[C/T]AAGAGCATCGAATGACACTTCTGAATATATCGATC snp-snp PolyHighResolution LG7 9889340
887 LG7 50.078 B050-33 AX-89864796 CAGCTAACACAATTACACAAAGTCGCTAAAAACCC[-/ATAT]ATGAAACCTAGAACAAGAGAAGAGTCGACTTCTAG ins PolyHighResolution LG7 1875661
888 LG7 50.078 B050-33 AX-89864879 CAAACCAGAAAACAACATGCCAAATCTAGACCAAA[-/TAT]TACGAGCTCTAGCAGCTGGAAACCTCACCCTAACC ins PolyHighResolution LG7 2416650
889 LG7 50.078 B050-33 AX-89885558 GTTTGCAAGTCCTGGCGTGGTCTAATCTCTCAAGT[C/T]TATCAAATCAATGGGGCCAGGAAGCAACTTTACTG snp PolyHighResolution LG3 9824073
890 LG7 50.078 B050-33 AX-89902687 GTGTGCAAGCCAGAAAGAAGTGGATGGGAAATAAC[A/G]TGATGTAAGTACACGAACCCACAAGGCATTAGAAG snp PolyHighResolution LG7 2200985
891 LG7 50.078 B050-33 AX-89902831 AGCAAGTTTAATTTTGGTACTATGTTAGTGCACTA[A/C]CCAAAATAGATAAAACTTAGAAATTTGAAAACCTG snp PolyHighResolution LG7 2546501
892 LG7 50.078 B050-33 AX-89906577 CTCCACTGTATATACAAGACTGTGCAGCGAAACAT[C/T]TCAACAACGGAAAATGCCTTCCCGTATATGGAGGG snp-snp PolyHighResolution LG7 10224468
893 LG7 50.078 B050-33 AX-89906781 TCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT[C/T]TCTCTCACAGAGTGGCGGAGCTACCCTTTGCACAA snp-snp PolyHighResolution LG7 2044283
894 LG7 50.078 B050-33 AX-89801262 CAACCAAAGTTACCATGACTTGTGAAAGCCATTTA[C/T]GAGATGCCCGTTCTTATATAGCGGTTCATGGAAGT snp PolyHighResolution LG7 1810748
895 LG7 50.078 B050-33 AX-89802017 GAGACTTCTTGAGGGATTTTCAAAGCTGATATAAG[A/G]GATAGCCAATCAATCCAATCATCCAAAGTAGTGAT snp PolyHighResolution LG7 2200277
896 LG7 50.078 B050-33 AX-89802143 CTTGTGTGTACCTCTTTGATAACAAAAATAGTGAG[A/C]AAAGTTGTATTTGATTCCATGAAACTAGTGCTTGA snp PolyHighResolution LG7 2441963
897 LG7 50.078 B050-33 AX-89805863 AAACATCTTAAAGAAGGTGATCCGCATCTCACCAA[-/GCT]GTAAAACCGATGACTTGATTGGAATGGACACTCAC del PolyHighResolution LG7 10048487
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899 LG7 50.078 B050-33 AX-89811510 CCTAACAAAGCATACAACTATTTGTTGTACTGCGC[G/T]CGCTCCATACGCAAAAAGGAAGAGACTAGTAGAAG snp-in-del PolyHighResolution LG7 10213546
900 LG7 50.078 B050-33 AX-89843074 ACAAAAAAATGTCTGCTGCTCATCTGGAAAAAGAG[C/T]AGGTACCTTCTGTAACGCGTAGAGTTAATTATAGG snp PolyHighResolution LG7 10046702
901 LG7 50.078 B050-33 AX-89872919 GAAACTTTGAACTGTGCTAAGCCAGCTTCAAAGAA[C/T]GTTCTAATTAAAAAGGCTCAGCTTCGAAGTATAAG indel-snp PolyHighResolution LG7 9873343
902 LG7 50.078 B050-33 AX-89900462 GGAGCTTGAGCGAGCAATGAGGAATCGCTTCGTTT[A/G]GAATGAGCATTACAAGGAATATTGCAGTAAGCCTT snp PolyHighResolution LG7 10974547
903 LG7 50.078 B050-33 AX-89900492 TTTACACTTCTTTTGGTTACTGACACAGTCACCTT[G/T]TACTTTGTCTGTACACACAAATAGTCTAACCAAAT snp PolyHighResolution LG7 11132817
904 LG7 50.078 B050-33 AX-89846747 CCACCCTATCAATTTCATCAGTCGTGATACCAGGC[C/T]GTATGACACGAGCAGCTGCATCCAAAACCTCTCTT snp PolyHighResolution LG7 9908676
905 LG7 50.078 B050-33 AX-89850388 AGATTCTGTGTTAATTGTTGCAGTCCTTAAATCAT[G/T]GCCATATATATGTTATAAGCTCAAGGAAATTTAAA snp-snp PolyHighResolution LG7 10224540
906 LG7 50.078 B050-33 AX-89800287 AGTGAAAGGTCCAAATAGAATAGATGTCTAAGATT[A/G]CTAAGAGAAAATGGTAACTTACCGGACAGACTGCA snp PolyHighResolution LG7 10997556
907 LG7 50.078 B050-33 AX-89806201 GATATAATTAAAAAGCTTGACAGCCCTTGACATAA[-/AAT]AAGTTTCTAATGCAGTACTCTTTATCTATTCTGAA del PolyHighResolution LG7 4465903
908 LG7 50.078 B050-33 AX-89850394 GTCTTGTGTATATGAATAATATATAGGAATAATGC[C/T]CATTTGGTACTAAAAACCCGACATTTGGTACCAAT snp-snp PolyHighResolution LG7 10333180
909 LG7 50.078 B050-33 AX-89862455 GCTCATAAGGCTAGGAATGAAGGCTGAATGTACCG[-/GGGCC]GGGATAAGGTTGGAATGTAATTGTTTAAAATAATA del PolyHighResolution LG7 4465230
910 LG7 50.078 B050-33 AX-89867358 TTTACCTTTATTTATGTTCAATTAAGTTTTAAAGA[A/T]AAATGTATTGCTGATTTGCTGAGATGATTTTACAA snp-in-del PolyHighResolution LG7 11102850
911 LG7 50.078 B050-33 AX-89869165 TAACAATGATGCGACTTGGGAGGCATTTTAGTACC[C/T]TTTTTTTATGTCTGCGCATTGGTGGAATATAGCCG SNPinIns PolyHighResolution LG7 4332887
912 LG7 50.078 B050-33 AX-89902551 TAAGACAACCAACGTTTACAATGTCACAAAATAAG[A/G]CTCACAAAGTCTCACTACAAACTCTATCATTCAAA snp PolyHighResolution LG7 2135378
913 LG7 50.078 B050-33 AX-89806216 CACGCCAATGCCATTTCTACCAAGTAGCAAGGACG[-/GAGC]GAGTAAGCACAGATTTTTGCCTTACACTTATTTGT del PolyHighResolution LG7 5077185
914 LG7 50.078 B050-33 AX-89862463 AAGAATAAAAAGAAAAGATATAGCTAGCTATATGG[-/TTAA]TTATGACTAAATGTTTGATTTGCAGTGTCGATCAC del PolyHighResolution LG7 5077306
915 LG7 50.078 B050-33 AX-89800297 ACTTGACTATTTAGTTGTAAAGTTCAATGAGAGCG[C/T]GTGTGTTGCGAACAAAGAAGATCTAACCAAGTGTC snp PolyHighResolution LG7 11051606
916 LG7 51.099 B053-25 AX-89806903 ACGTGTGTTTTTCTTTTCCAATTTAACTAAAATCA[-/TAT]TATTCCATAGAGCATGTGCATTCTGCTCCCAGACT ins PolyHighResolution LG3 10739833
917 LG7 51.099 B053-25 AX-89850452 CCAGTGCCGAGGACTGGGTTAACATGATCAATGGT[G/T]TCCAGAAGGGTTCTCTCGCTAGCCGTTTGGGCATT snp-snp PolyHighResolution LG7 12478804
918 LG7 51.099 B053-25 AX-89880816 TCTTCTGCTTCGTCTGATATACATACTTTTAAAGA[C/T]AGACATGACGGCCAACATACGTTCGATTCAATATT snp PolyHighResolution LG3 10593655
919 LG7 51.099 B053-25 AX-89900724 ACCTCGGGAGCAAGATAACAAAGCCTTCTTCCACC[A/G]GTGTCATAGAAAAAAGAGAAATCAGAAGGGTCGTC snp PolyHighResolution LG7 12568769
920 LG7 51.099 B053-25 AX-89915769 TGATGAAGCCATATGTCTATACAGGTCACATGGAA[A/C]GAGTGCCCACAATATGGGAGGATGCGCAATACATC mSNP PolyHighResolution LG7 11898085
921 LG7 51.099 B053-25 AX-89800423 AAAGGGTCTCCGCATAATCCTGGATTTCCCATATA[C/T]GAAGTGTTCCCGAATGTGTGAAACTGGAGACCTTG snp PolyHighResolution LG7 11771709
922 LG7 51.099 B053-25 AX-89800431 CAGAGCGGGTGAATATGTATACTTATGTAGACACT[A/G]CTGCATGCACTGATGATACTGGTACTAGCAGTACT snp PolyHighResolution LG7 11854906
923 LG7 51.099 B053-25 AX-89800451 AGAGATTGGAAACTATCGAGGAGGAGATGAACGAG[A/C]AGGGAGGTCATAGCTACAATCGCAGCGAGAAGAAA snp PolyHighResolution LG7 12006159
924 LG7 51.099 B053-25 AX-89805910 AGCTGAGATTGATACAGAAGTATGTCATCCTCCAA[-/TTTC]TCTCTCTCTCTCTCTCTCTCTCTGCATTTTGTTAT del PolyHighResolution LG7 12215072
925 LG7 51.099 B053-25 AX-89806288 TACAGCTCCGACCACTTGAACTTGAGATTCCACTC[-/CTT]CATTATCTGTGAAACCGACTCGGTCGATTCAGTTC del PolyHighResolution LG7 9301749
926 LG7 51.099 B053-25 AX-89815238 AACAGAAGGGAACTACACGAGTATATCTTCATGCC[A/C]CTGATAGGCATCCTAGGCTTGCTCCTCCAAGTGAA codon-based PolyHighResolution LG7 9725479
927 LG7 51.099 B053-25 AX-89823618 CCCTCCAAATTTGTAGGTCAGTCTGAAGCAGGATG[A/C]ATCTGCCTACGTAGAACAGCATTCCATTGAATATG snp PolyHighResolution LG3 10411302
928 LG7 51.099 B053-25 AX-89843483 AAAATGGCCAAACAGTCCAATGCATTGACAATAAC[A/G]GCCTCTGTAGAATCACTTACAGCCTGCTCAATATA snp PolyHighResolution LG7 12566554
929 LG7 51.099 B053-25 AX-89843486 GTCATTGCTAAGCTAACAATGGTCGTTTTTGAAGT[A/C]TTCTTCATTTTGAGTTGATTGAAGGTGACATTGAC snp PolyHighResolution LG7 12570187
930 LG7 51.099 B053-25 AX-89846527 CCTCCTTGGGCAGTATGTACTTTGTTGGCACTCTA[A/G]TCAGTCCTCTTTCGCACAAGTGTCTCACTCCTTCC snp PolyHighResolution LG7 8852736
931 LG7 51.099 B053-25 AX-89846691 AGTGAGGAGCCTGATATGGAACTAGTTAGGGAGTT[A/G]AGTGCAGATGGAATCTGGGCATATGATGCAACTTG snp PolyHighResolution LG7 9752757
932 LG7 51.099 B053-25 AX-89906603 AACACAAGTAATAATATTACTTCTTCCAAACACAA[C/T]GTAACTCACACACCACAACTTCTCAACAAATTTTA snp-snp PolyHighResolution LG7 11620430
933 LG7 51.099 B053-25 AX-89784127 CTAACAGTGAGCGTCTCCAAGAACTTGGTTAGTTT[A/G]AGAGTGGTTGATCCATCAATTGCATTGAAGTATTT snp PolyHighResolution LG3 10687187
934 LG7 51.099 B053-25 AX-89811173 GTTTAACAATCGATTAAAATTGATATTAATACTAG[C/G]TAGGTCAACCAACCCGATACTAATTTGCTTCATAT snp-in-del PolyHighResolution LG3 10302286
935 LG7 51.099 B053-25 AX-89851757 TTGAGAAAGTTGATGAACAATCAGGCATCTTAAAC[C/G]TGTCCAAGAAAGACATTAACTTTAAGACAGAACTC mSNP PolyHighResolution LG3 10492696
936 LG7 51.099 B053-25 AX-89863113 CATACACCAGGTCCGGGGTGTGACAAAATTTATAC[-/ATTA]ATTGTGCTCATGTATGACATGCATAAATTACCTTT ins PolyHighResolution LG3 10710536
937 LG7 51.099 B053-25 AX-89867360 GACCGCCAAATTGACGTCAAAGCCGACGTTCTCGC[C/T]GCTTAGCCTAAACAACAGTTGGAAGCCCTCTCCTC snp-in-del PolyHighResolution LG7 12513208
938 LG7 51.099 B053-25 AX-89823737 TCACCTTGGTGCGGCTCCCAAGGAGGACTCAATTC[C/T]CTCCACCTATTGTTTCGCCTTGCCAATTAGGCCAA snp PolyHighResolution LG3 11007548
939 LG7 51.099 B053-25 AX-89880880 AAATGAAGCTGACTTACATGTTGCGTTTTATGCGG[C/T]GGCACACATCCCTCCTATGACAGAGTTGACTTATG snp PolyHighResolution LG3 10891018
940 LG7 51.099 B053-25 AX-89802981 CTTAAATGCAAAAAAGTTAGGAATGATGAGAGAAT[A/G]GTATGCCTGGATTACGACATCAGCTGGTATGAATT snp PolyHighResolution LG7 9752564
941 LG7 53.140 B033-19 AX-89795336 CTGTGAGTGGATTTTTGATATTAACTTCATACATG[C/T]GATAAAGTTTTCTTAATAACAAAATCTTAATTGAG snp PolyHighResolution LG6 11509686
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943 LG7 53.140 B033-19 AX-89846469 TCGTCAGCCCATTTTTCACCGCAACACAATGAACT[G/T]GCTTACCCCTATCAACAAGCTCAGGAATCATCAAG snp PolyHighResolution LG7 8307263
944 LG7 53.140 B033-19 AX-89859843 CATGCTAAACAATAAATGCCTACCCTTCTTGAGCC[C/T]GAAGGTTGTGATCGAAGAAAGTCCACATGTATTTG mSNP PolyHighResolution LG7 12747530
945 LG7 53.140 B033-19 AX-89860336 GAAGAATTGGTCGAAGAATGTCTCTTATGAGCAGG[G/T]GGAAAAGGACATGACATCTCATCACTTGTATTCAA mSNP PolyHighResolution LG7 7330092
946 LG7 53.140 B033-19 AX-89906627 TCTTCCGATCCCAAATTTCTAACAAATAGTAATAC[A/T]CTCTTCCATAGATTGGAACTCTGAATTCCAAATAG snp-snp PolyHighResolution LG7 13086577
947 LG7 53.140 B033-19 AX-89815785 GGGTTGAAAATCAATAAGTCGAAATGCTCCGTGGT[A/G]GTAGGATTAGAAAGATTAGCCGGCAATCAAGGTTG indel-snp PolyHighResolution LG7 6504128
948 LG7 53.140 B033-19 AX-89837251 ACTGTCTTAAAGATGTTGTTATGCACCCTAAACCC[C/T]GCCAATCACCTTCAGGGACTTTTGGAGTGAACATG snp PolyHighResolution LG6 11562030
949 LG7 53.140 B033-19 AX-89916338 TAATAGAAAAACTATACAATATACAATTTTAGATC[A/G]TCCAAAGTGCTTGTCTGCTTTAATTTTGATAATGC mSNP PolyHighResolution LG7 8160688
950 LG7 53.140 B033-19 AX-89916341 GGATCCCGATAATATGTGATGCAAAGCCTGTTGAT[A/C]TAGAATTTAGAAATGGTGCTGTGAAGATTACCCCG mSNP PolyHighResolution LG7 8220855
951 LG7 53.140 B033-19 AX-89808704 CACACATAAACACACACCATATCATATTCTGATAT[-/TCATA]TCGTATCGTATCGTAACGTAACGTAATAAATCAAA ins PolyHighResolution LG7 12592330
952 LG7 53.140 B033-19 AX-89808981 ATAAGACTATGGGGAGTGATATAGGGCCTCAATGA[-/GGT]GGCGGCCACAAATCCTAGGTGACATGTCATGTACA ins PolyHighResolution LG7 7112803
953 LG7 53.140 B033-19 AX-89815724 CATGCCCTAGCTTGACATTAATTCTCATATATATA[C/T]ATACATGCTGGATCCATCTCACTCAGTTGCCTTTC indel-snp PolyHighResolution LG7 12842698
954 LG7 53.140 B033-19 AX-89849561 TTCTACAATGCACAAGTAAATAAAACGCCCCATAA[C/G]TTCACATGCAATATGCAACCCTAAGTTTAAAAGTA snp-snp PolyHighResolution LG6 11399646
955 LG7 53.140 B033-19 AX-89860375 CATCCTCATGATCCTCAAGTTCAAGATGCAGCCAA[C/T]CATGCTGTGAAGAGCCTTCAGCAGAAGTCCAATTC mSNP PolyHighResolution LG7 8680942
956 LG7 53.140 B033-19 AX-89914379 CTCAGTAACCACCTTCAGCCCCAACGCTATCGTAA[C/T]TCTCCCTGCAGCCTCGGTTATGTTCTTCATTACGT mSNP PolyHighResolution LG6 11373024
957 LG7 53.140 B033-19 AX-89802710 GTTTCCTCCTAGCCAGCTAGGTCTTATTCAAGAAC[C/T]TAATGACACTTTGATTACTAAACCGGAGTCTCTGC snp PolyHighResolution LG7 7335867
958 LG7 53.140 B033-19 AX-89850873 ATGACCAAACAATAAAGAAAAGATTCCACCCAGCA[A/G]AGAATAAGTTAACAACTTAACATTGGAAGACTCTT snp-snp PolyHighResolution LG7 6248273
959 LG7 53.140 B033-19 AX-89849559 TGACCAAGGAAATAATGTTGAACCACTAAAGAGAA[A/T]TATTAATTGAGTTGTTTTGGTCTTCACCGTTGGAT snp-snp PolyHighResolution LG6 11348641
960 LG7 54.150 B147-04 AX-89916273 CAATGCCGACTAAGAAGAATTTCCACAGAACCCAA[A/C]GCCCATCGAAGCACTTGGTTCAGACGATCTGAAAG mSNP PolyHighResolution LG7 6087633
961 LG7 54.150 B147-04 AX-89811565 CAGTTAACACAATTGTAATGCTTATTTCCATTAAG[A/T]AGTAGTAAAAACTAACTAGATGTTCAGACTCACAA snp-in-del PolyHighResolution LG7 7800972
962 LG7 54.150 B147-04 AX-89862473 TACAACCAGTCTGCGGGAGTCCTAAACAAAGTATA[-/AAG]AAGGTGTATTATGTCACAATTTTGAATATTAACTA del PolyHighResolution LG7 5660853
963 LG7 54.150 B147-04 AX-89802761 TTCCTTGACGAAAGAGACACCACTAGACTCCTTTG[A/G]TTCGAGAGTAGAATACACAGCCTCACAGAAAGCAT snp PolyHighResolution LG7 7746801
964 LG7 62.358 B128-03 AX-89850473 TGCCCCACAATCTGACAACTCTGCAATAAGCTCTC[C/T]TTCTGTAGTCCAGGAAGCTGTGGAAGTCTCAACCA snp-snp PolyHighResolution LG7 12921631
965 LG7 62.358 B128-03 AX-89869199 GTTTGTTGGATTGAGTTCTGTCACTGGATTTATGT[A/C]TTACTGATGTAGCTAATCTGCACTTTCTTACCTTA SNPinIns NoMinorHom LG7 7872260
966 LG7 62.358 B128-03 AX-89869200 GTTTGTTGGATTGAGTTCTGTCACTGGATTTATGT[A/G]TTACTGATGTAGCTAATCTGCACTTTCTTACCTTA SNPinIns NoMinorHom LG7 7872260
967 LG7 63.379 B109-03 AX-89828690 GATAGTGGAAAACCTTATGCACATGGACTTTGTCA[A/G]ATCTGTTATGATGATGTGAGTACAATTTTCTTCTC snp NoMinorHom LG4 12097006
968 LG7 63.379 B109-03 AX-89904671 GTTCAAGTTCTACAATATCACTCAAATCCCACGAG[A/C]AGAAAAGGCCAAGGCAGATAATCTAGCAAGAGTAG snp-snp NoMinorHom LG3 10322030
969 LG7 63.379 B109-03 AX-89900463 TTTTTCATGGGTATTTTGGTCTCTCCAATCATCCC[A/G]CCAATTCCCTAATATTTTCCCACCAATTTTAGAAT snp PolyHighResolution LG7 10993953
970 LG7 65.493 B122-03 AX-89850536 TTGTGAGTATGAATTATTGATGAAGCACGCGTGCT[A/G]GTTCATTTTGACAAATAAATTAAAAATAGTTGGCA snp-snp NoMinorHom LG7 15150394
971 LG7 65.493 B122-03 AX-89801548 GATGCCACAGCTATTGCTCCAAATACATAAAACAA[C/T]AGTCCAGCTCCCAGCCATGCCTGCGTTAGAGGTCG snp NoMinorHom LG7 19479166
972 LG7 65.493 B122-03 AX-89800838 AGTCAAATTCCATGAAAGATGGGCACAAGACAAGT[A/G]AAAGATGGTTTGGACTAGAGACTTTAAAGAGTGCA snp NoMinorHom LG7 15049056
973 LG7 72.652 B169-03 AX-89850680 ACAAGAAGGCAAGGACTCCCATAAGTCAGTGGCTG[G/T]ATCATATCGCTCAAAGGATGGGGAGCGTGATTGGT snp-snp NoMinorHom LG7 19123248
974 LG7 72.652 B169-03 AX-89906749 TTCCTTCCATTCAATACATTAATACTGATAACAGG[C/T]TCTTGTTTGGACCGTGTTTGTATATATAGCACCCC snp-snp PolyHighResolution LG7 18499388
975 LG7 72.652 B169-03 AX-89850678 TTGCAAGACAATCTACTCTAATATCGCCATCTCTA[C/T]AATAAACAGTAACAAAATCGAGAGTGAAGATTATC snp-snp PolyHighResolution LG7 19088349
976 LG7 75.873 B126-03 AX-89864819 TCTTCTTTTAAATTTACAGTTTATGAGTTGATATA[-/ATT]AGTTTAAAGTTTATGGTTTGTTAAAGAAAGATGAA ins NoMinorHom LG7 19620237
977 LG7 75.873 B126-03 AX-89869098 CCGAAAACCCCCAATTTCAGCAAAACAAATCTCAC[G/T]AGAGAAACTCACATTTTCCCGAGAACTCTTTCTCT SNPinIns NoMinorHom LG7 19640027
978 LG7 75.873 B126-03 AX-89844870 TGAGCAATCACTACTTAAGTTTGGATAAAGGAATA[G/T]GGAGTGTGAATATGAAAATTGACATTCTGAGATTT snp NoMinorHom LG7 19633684
979 LG7 99.342 B006-03 AX-89795305 ACCCAATTTTGACTTGCTTAAGAGGAAGATTGTTA[C/T]GAATTGCAATGGATTGCCGTTGGCTGCAAAAACTC snp NoMinorHom LG6 11279383
980 LG7 99.342 B006-03 AX-89845949 TTACCAATTGAATTCGGCAACTCAGTTATCTGATA[A/G]CCATTCAAAGAGAGTACCCGCAAGTATTCCAATTT snp PolyHighResolution LG7 5585614
981 LG7 99.342 B006-03 AX-89903225 TTAACTGTCCCACTTTTTTTAATCCGGTCATGAAT[C/T]CTCCAGTTTGAAATCTCAGCACTGAAAAATCTGAA snp PolyHighResolution LG7 5584553
982 LG7 100.362 B015-04 AX-89857734 AAAGGTTCACTTTGTTCTTGACAAAATGGCGGAAA[A/G]GATCCGTGAACTGGACTCAAGAGCTCTTGTGGTTG mSNP NoMinorHom LG5 17849296
983 LG7 100.362 B015-04 AX-89823680 CTCAAAGTCCTTCACTTGAGAAATGTTGGTGTTAC[A/G]GGAGAAGTTCTGGAGTATTTATTGTCTAACTGTCC snp PolyHighResolution LG3 10687103
984 LG7 100.362 B015-04 AX-89880844 ATCTCAAGTATTTGGAACTAATAGTGTGTGCCCAG[G/T]ATGATTGGTCTCTTCATCAGTTGTCTTCTTTCTTG snp PolyHighResolution LG3 10687619
985 LG7 100.362 B015-04 AX-89900985 CAATCTCAGGTAACTCAAGGTCATGCAACTCAGAA[G/T]GCAACATCAAAGGAAGGAGAGTAAGACATTGTGCA snp NoMinorHom LG7 14131902
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987 LG7 101.372 B016-02 AX-89802448 GGGTGGACTGAGTTTTACAGAGCCAACAAGCTGAA[G/T]GACAGAGATGTCTGCATATTTGAGCTCCATCAGAA snp PolyHighResolution LG7 4779319
212
988 B011-15 AX-89815575 TGTCAAACCACATGTTAATTCCTCTCAAACTATTA[G/T]ATAAGATAATTTGGTAGTTAAAATTAAGACATCTC indel-snp OTV LG5 23869692
989 B011-15 AX-89849169 ATGGTACAACGTGGCAGATCATGGCTGGGATTGCT[A/G]ATGGCGGGTCGACGGTGTTGGTTGCCGGATTCGAC snp-snp PolyHighResolution LG5 22741625
990 B011-15 AX-89868344 CACCGTTTCCATCAAATCGGTAATGTACGAAAAAA[A/C]CTAAACAAACTTGCCTGTGGCGTTCATCCCCAGTG SNPinIns OTV LG5 10216374
991 B011-15 AX-89890164 GCTTATCATTTGAGCAGGGAAGGTACTCTAATAAG[A/G]GAAGCAAGGGACCTGATGAATCCAAAGATCATCAA snp NoMinorHom LG5 14302517
992 B011-15 AX-89859722 AATCCACCAATGAGTTGACTGTCCAATTTCTCTAC[A/G]AGGGACCGATAGACGTGATCCCTTGAGTTCATTTG mSNP NoMinorHom LG6 9375909
993 B011-15 AX-89778724 CAGCATGGAGCACACTCTTTTAAGATACAACAACT[A/G]TCAAACAACGACAAGTGTGGCCCGTGGATCATCCT snp NoMinorHom LG1 13712515
994 B011-15 AX-89778762 TAACCACAAAATTCCACTCGAAGTTAATTTGATCC[C/T]TTATTAACAAGAACACATCATGAGTGAATTTCTCC snp PolyHighResolution LG1 14214574
995 B011-15 AX-89840701 GTGAAGTTTTCTGATATCAAGAAGCATGTACACGA[C/T]AGTAAAATCAAGAGGTGGTATGAAGAGCTCTTTGA snp NoMinorHom LG6 3217036
996 B011-15 AX-89840375 CCATATAGTTAGGATTTCGTCTTCACCATAAGAAG[C/T]GGTCGTCTTCCAACTTTGTCTGTTAATAGCACACT snp PolyHighResolution LG6 3047634
997 B011-15 AX-89812365 ATGCAGGGAAACCAATCCATATTCATCTCACTCAT[A/C]GGAACTATCTCCTTCTCTCCTCTCTGCACAGACCT codon-based OTV LG1 19562884
998 B011-15 AX-89815608 ACCCTTCTGCTTCTCCTTGATTCGATCTCTTCCAC[A/G]AATTGGTTATGATAAATTATTGATGATGATTTCTG indel-snp OTV LG5 5758709
999 B011-15 AX-89833915 CTTCCATGCTTTTCTTCTCAGTAAACGTCTCACCC[A/G]TCACCCTATGGATCCGGCGGTTCAAGTCTCACTTC snp NoMinorHom LG5 19937116
1000 B011-15 AX-89905468 GTGGCCTCTGGCCTAGCTAGTCCTGGGAGTGCGTC[A/G]GACGGGTATTGTCAAGACTCACCCCGAATTTCACC snp-snp OTV LG5 13421592
1001 B011-15 AX-89791311 TGACAATGTTCAAGTTCTCATGGCAAGCTCGTCAA[A/G]CCTAGAAGAGCAATTGAAACAACAGATGGAGGAGT snp PolyHighResolution LG4 7089680
1002 B011-15 AX-89848844 TTTACATTATGAATTTCATTGATGATATATGGAAA[A/C]TTTTATAATGTGTTAATACATGTGATGCATCAACT snp-snp OTV LG5 12573559
1003 B017-03 AX-89872170 CAAGCAGAAGGGATTTGTCGATTAGAGAGGAACTG[A/G]GGAACAGAGGAAGTGAGGCAGAGGAACTGAGGAAG codon-based OTV LG7 5211391
1004 B017-03 AX-89915837 GCTCTGATCACATTGCAGCACATACATTTACATTT[A/C]GCGAATTGGCAGCTGCAACGAAGAATTTTAGAGCA mSNP NoMinorHom LG7 14949931
1005 B017-03 AX-89863018 AGGCACACTCTCAATCCCTTTTCCTCTTTTAACTT[-/GCA]GCAGTTAGCCGTTGACTTTCCATATATAATTTCGT ins OTV LG2 24325328
1006 B117-03 AX-89883502 GACATATCCAAGATCTCTAGCTTCTTGAGCTTAGA[C/T]AACCACATAGGTATCTGACCGGTTAGCTCACAACC snp NoMinorHom LG3 28213172
1007 B117-03 AX-89786789 ATTCAGAGAAACACTTACGATCCGACTAAAGGAGA[C/T]GCTCCAGAGAACAAAAGAGGGAAATCTGGCCTTTC snp Other LG3 30437871
1008 B117-03 AX-89786897 TATTTTGAATGCTCCACTTGCAAAGCTACAACATA[A/G]GTTTCAGAGTAAGCTTATGAAGGCACAAGATGAAA snp NoMinorHom LG3 31146330
1009 B119-06 AX-89820510 GCGCCGCAAGACCCGCTACAGGACCAAAAGTTGAT[A/G]AATGGGATACAACAAATACTAATGTGATGGGAATT snp PolyHighResolution LG2 16843025
1010 B119-06 AX-89851308 GGTAATGGATCAAACGGTGGGGGTGTCGTAATCCA[A/T]AATGGAGGACCGAAGTGCCTTCCATTGTATGGTGT mSNP NoMinorHom LG2 11935238
1011 B119-06 AX-89855542 AGGTTTTAATGGAAAATTTTAGACGGGCTATTGGT[C/T]TACGCATCAAGGAAAATAAAGAGGTCTATGAAGGA mSNP NoMinorHom LG2 3052388
1012 B119-06 AX-89879618 CTACGGTGATGTGATAAGCACATTGAACAATATCA[C/T]CTTCATCGTCACTTGTACCATCGCCTTCTTTGTCT snp NoMinorHom LG2 2911988
1013 B119-06 AX-89872370 TCACCTTTAGATAAATTGGTAAGGTGGGTTCTACA[C/T]ATAGTCTTCTCCCTTCGTCTTCATCCCTATGTTCT indel-snp PolyHighResolution LG2 5324578
1014 B119-06 AX-89790172 TCAAGAGTTTCGATGGAGATCATGGCTAACAATTC[C/T]ATTGCTACGCTAACTCCCTCAGTTAGGTAGCATGT snp PolyHighResolution LG4 23914772
1015 B124-02 AX-89859009 ACAGGATCGTGATGAAAGTGATCAAAGTCTCAAGA[A/C]AGGTTTGCCTGTTGTCTCTTTTTCCATTGGAGATG mSNP NoMinorHom LG6 27394698
1016 B124-02 AX-89830674 AAGCTGAACATATTCGTATTCGGACTCACCTATAA[G/T]ATTTTAGATCAGGTCCTGTTTGTCCAATGTCAAGC snp NoMinorHom LG4 23392894
1017 B127-03 AX-89914559 CCTCTTCAGCCATCTGATTAAGTTCTGTGTAAGAA[C/T]TGCGTTCACCAAACTTTTTGCTGTCCGGCGGTTGC mSNP PolyHighResolution LG6 1718950
1018 B127-03 AX-89795957 ATAATAGGGACTAATTCATGATGTGTTCACCAAAA[G/T]TCTGCATGGATTGTCTTCTGCTAAAATTACAAAAC snp PolyHighResolution LG6 1656248
1019 B127-03 AX-89848284 CACCCCAAGGGAAGCTGGGCAGGATTTGCATGGAA[A/T]AAGAGTTGTGATTGGTTTGAAAAGCTGATGCCCCG snp-snp NoMinorHom LG4 10050085
1020 B132-02 AX-89862108 ATTCAAGATCTAAATACAGCAGCCTCAGAAATCAG[-/TATA]TATGCATGGTTTGGGGAATTTCTACACAATCCACA del PolyHighResolution LG6 33408552
1021 B132-02 AX-89840997 TAGCGGCTCCTCTTGATCAGATCCTTCAATTTCTC[A/G]TAAGCACGACTGAGTCCGGAAACTACACTGTCACA snp PolyHighResolution LG6 33334908
34
1022 AX-89778792 TGGCGTTGCTGCTCCACCTGGACAAGAACAAGTAC[G/T]CATTTGCCGACCATGCCTTCCGACTCGTCGCAAAT snp NoMinorHom LG1 14532457
1023 AX-89780112 AGTCGTTGATAAATGGTTACATGAGTTGCCACATG[A/G]TAAGTTGACTTGTTTGGATTTGGGACACTGCAGGT snp PolyHighResolution LG1 5305049
1024 AX-89780325 CAATACCACCACAATAATCGAAATCATGTTGGGAC[G/T]TCTCATAACAGTTCAATGGGTAGTAGCGAGCAGCC snp PolyHighResolution LG1 640475
1025 AX-89780368 GTGGTATCAGTATCAAAGGTATCCATAGGAGATTG[A/G]CACTCTTCTCTCTTCATCTTTTCTTAGTAGCTAGG snp PolyHighResolution LG1 6571270
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1027 AX-89780905 GCTGCAATCTCACTGTTAGATCGGAGACCCGTATC[A/G]GTTCATGTTGCAGAGGAAGATGGAGATTATGCTCG snp PolyHighResolution LG1 9748464
1028 AX-89782624 TGGTTGGTAGTGGGATTGAGAACATAGTATGATGA[C/T]CTACTTGTTCCCATGGGACAACATAAGAAGAGGCC snp PolyHighResolution LG2 20302731
1029 AX-89782723 TGCTGAAGGCAGAAGAAACTCACAAATTTGAATCT[C/T]GTTATATTGATAATCTTGTCGGTAAGTTGGAAAGG snp PolyHighResolution LG2 20861317
1030 AX-89782891 CAAAACAAGAGGAGGAGATCATGGACGTATAAAAC[A/G]TTCACGATCAGAGGAGATCGATATAAATATTGATG snp PolyHighResolution LG2 21808727
1031 AX-89784483 ACCAAGGTGAGATGGATGAGTTGCATGGCAGTAAT[A/G]TTTTTAAAACCTCCTCTCAATCTAAGTCGCAAACT snp PolyHighResolution LG3 13173665
1032 AX-89785242 AGAGTCGTCTCTCAAAATGAAACCAGCAGCAACAA[C/T]AGAATTTTGTTGCAACACTGATCCATCAAAATTAA snp NoMinorHom LG3 2028259
1033 AX-89786445 CCTCCAAAGGCCTCACACTCAAACAAGGTACTAAT[C/T]TTCCTTCAGCAATACTAGCACATGGAATTCTCACA snp NoMinorHom LG3 28576295
1034 AX-89786773 ATGCAACTCATCTTCTGATCACAGAACTTGCTGAA[C/T]TCCTCACAATAATACTTTGTTCCCTTCCTCAACAC snp PolyHighResolution LG3 30312558
1035 AX-89787359 ATCAAGATCACCAACACGAAGCATAATCTGACAAA[A/G]CGGCTCAGGAGTCGGAGGCCTCTGAATAAGCTCAA snp PolyHighResolution LG3 538758
1036 AX-89787875 TCTTCTTTTCGAGTTGTAACTATGATTCGACTTCC[A/G]AGTTGCCTATCTTGAAGTGATACCTTTATTTCTCT snp NoMinorHom LG3 8176781
1037 AX-89788374 CAGGAATGGAGCATGAACTTGTGGCTCATAGAGTA[A/G]CAGAGCTCAAGAGCCGGCAAGGTGTTACAGAGCTC snp NoMinorHom LG4 12579108
1038 AX-89790324 AACAACAATGCAATGAGAGGCAATGGGAACAATGC[A/C]ATGTTCAATGGAAACAATGTTATGCCTAATGGGAA snp NoMinorHom LG4 24711357
1039 AX-89790767 AGGGGTGGAATTCTGTGGTGTTTTTGACACTCTAG[A/G]GGTAGAATTCTGTGGTAACTTTGACACTCTAGGGG snp PolyHighResolution LG4 26997703
1040 AX-89790770 TTAATTTCGATATATGGGTGAAGATGAATGATTCC[A/G]GTGATGTCAAGGACTCATTGTCAAAATGCTTCACC snp PolyHighResolution LG4 27010111
1041 AX-89791709 AAATGAATTAGATCCACATTTGCTAAGAAAGTTGC[A/G]ACTCCGAAACCAAATGAGGAGTCAAAGCCTAAATC snp NoMinorHom LG5 10897875
1042 AX-89792404 ATACTTCTCACCATTGAAACGAGGAATGAGTGATA[G/T]CATATTAGAGTTGGAGTTGTTTTTATTCGCCATAG snp NoMinorHom LG5 16290133
1043 AX-89792483 CTTGTCAAAGAAGTTTCTCGTCAAGCTACAGGAGA[A/C]AAGACATTATTTGACGATGTGGCTATGATACTGGA snp PolyHighResolution LG5 1703217
1044 AX-89792530 AAGGGAAGCGTTTTCTTCACATTCCAAGGGCCATA[C/T]CCTTGTGCCTAGCCATTTATCATCACTTTCTGACG snp NoMinorHom LG5 1759993
1045 AX-89792662 TCCATCATCACAAACAACCCTGGTGAGAAAAGCAC[C/T]GGTCATGACTCCAGAAGCGGCAAAAGCACCCTTCA snp PolyHighResolution LG5 1873354
1046 AX-89794678 GGCCTCTCCTCAGGTGTTGGTACTCGATGTTTACA[A/G]GCACTGTAGAAAAAAGTTCCAGCAAGGTATAGATG snp PolyHighResolution LG5 7308805
1047 AX-89795113 CCCTGAGCAGAAAAGAAGATGTCAAGTACCTGACC[A/G]TGGCAATGTTCCGTAAGACTTTGGAAAAGATTCCC snp PolyHighResolution LG5 982711
1048 AX-89795668 TCCCTTCCATTGAGGATTCAATTTGCACATTTTCC[A/G]TTCCGTCTACCATCTGATTCTAATCAGAAACGAAG snp PolyHighResolution LG6 13821328
1049 AX-89796517 AGAAAACAAGAGGACATAGCACCAATCGATAATGA[C/T]ATAGTCTTGCATACAAACCAAGTACATGCCAAAAC snp PolyHighResolution LG6 22185430
1050 AX-89797667 TCTTCCCAACTTGTCTGTTAGGAGCACACTCACTG[C/T]AATAGCAGGTATCTGTGAAATTAAATTACAAAGAT snp PolyHighResolution LG6 3086543
1051 AX-89797854 TCCCCAAGAACCGATAGCTATATGAATGAGTCCGG[C/T]GTGCTGCACGTACCAAATAATTTTTCTTTATGATC snp PolyHighResolution LG6 32108833
1052 AX-89798211 AGGGGCAAAGGTCTGAGGGTTGTGCTAATACCATG[C/T]CCTCCTTCCATTTGATGGCGGTGCCGACAATTTTA snp PolyHighResolution LG6 33975757
1053 AX-89798621 AGTGGTGGAAGGAACAGAAATATCAACCAACCAAG[A/G]CTCGCTTGTTATCCATCACAGCTGGTACATATTTC snp PolyHighResolution LG6 36414544
1054 AX-89798997 ATGCTTTGGTTTGATTTCCTTGATGAGTAAGCTCC[A/G]CATATGATCCCTAAGCAGACCCGTCTTGAAAGATC snp NoMinorHom LG6 38241033
1055 AX-89800704 TTTTTTGCAACTGCATGTTCAGCAACAAGTTGAAT[C/T]GACTCTGGAGACACGGTAAGGAAGAACCCTGCAAT snp PolyHighResolution LG7 14127825
1056 AX-89801682 AAAAAGGGAAGTTTACGAACTAGATCAGCTGAAAT[A/C]TTTTCTGGTTTACCGGCTTCTTTGGAGAGCAGCTG snp PolyHighResolution LG7 20253562
1057 AX-89803825 CAGAGAGGCCATTCCATGCAGAAACAACAAAATCA[-/GAG]TAGTTGCAATGAGAAAACCACATTGCCTGAAATCT del PolyHighResolution LG2 782216
1058 AX-89804163 TGTATGTGGGGAGACCCTTTTATTTGTAGCTGTGG[-/GAA]TTTGTCATTTTTGGGGAGCATGTAAAATATTGGAT del PolyHighResolution LG3 30102888
1059 AX-89804324 CCACATTGGAAATGGAAACGTACCAAACCCTAAAC[-/GTA]CCAAACCCTAAACCCTAAACCCGAGTCGTTTCCCA del PolyHighResolution LG4 11511390
1060 AX-89804550 ATCAATAGATTTATATATTGAAACTCGTACTTTTC[-/TAA]TAAAAAAAAAAAAAAATCACATTCAGAGACGAAAG del PolyHighResolution LG4 2305371
1061 AX-89804881 CTATCTTGTGCAATATCAAGATGAATAGCTATATA[-/TCTC]TATCAGTCCATCAAGTGATTTCTTACCAAACGTAT del NoMinorHom LG5 1878976
1062 AX-89804999 CGACTGATCAAGAGTTTATAGCACCAGTGCAAGAA[-/AAT]AATCTGGCCATCATACCAGTAGGCGAAGTCAGAAC del NoMinorHom LG5 25354629
1063 AX-89805728 TCCATGCCAACAGATCAGGTATCTTCATCAGCTTC[-/TTTTG]TTGTGTATTGTTAAGTTAAAACTGAATTCAATAAG del PolyHighResolution LG6 37564536
1064 AX-89806905 CAAATATTATAGCCAGAAGGCTGAAGTCATTTGTA[-/TGC]TGCTTGACTGTCTTAGGTATTTTTTTCATTTCATT ins PolyHighResolution LG3 10908787
1065 AX-89807446 AAAAGTTTGTCATCCGATTGTCTTGATCCACTTGC[-/ACGT]ACAGTGTAGAAAAACATAGGATCTTCAATTTGCTT ins PolyHighResolution LG4 1589874
1066 AX-89808207 GATTTCTATACTTAAGACTTTGAAAAAACACGAAT[-/ATCG]ATCTACAGTGATTCGTGGAGAAACACATTTCATGT ins PolyHighResolution LG6 21900718
1067 AX-89808366 TACAGGACTGATTGAATGGGACTTCCAAGAAAACA[-/CAT]GTACTAAAGGCAGATAACAGTGGCACCGAAATTAC ins PolyHighResolution LG6 31069098
1068 AX-89808496 GCTCAAATGTTGCTGGCTATCCTATTTTACAATAA[-/CATG]CATTTTCACTAGAAAAGATATAAGTTGCTTTACCA ins NoMinorHom LG6 37144133
1069 AX-89808628 GAATGCATCCATCTTGGCCTCAAGGAACACCGGCC[-/TAAT]TAAATCGCCTGATGGCTTCCTTGGTCGAGTCGACC ins NoMinorHom LG6 8294359
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1071 AX-89810334 TTTGCATCACTTGTAGAGGAAGTGGGGCAGACAAT[G/T]AAAGAGGACAACTATTTGGTACAAGCTATACTAAT F1Dsnp PolyHighResolution LG5 5995727
1072 AX-89811209 TATATTGTTGGATCAAATGTTTGTGTAAATAATGT[G/T]GTTGCTTTTATGTTTGTAGTTTAAAACTCCATTCA snp-in-del PolyHighResolution LG3 2171809
1073 AX-89811235 TAAACCCGGTCCAGATGAAGCGTTGATAGTTCAAT[A/C]TATCTAAATCCGTATACGATGGATTAACATATACC snp-in-del PolyHighResolution LG3 30201498
1074 AX-89811495 AACTTTGAAGTAGTTTAAACTTTGATCTGTAATGG[G/T]GATGCCTAACAAATAGTTTGTAAAATCTACACAAC snp-in-del PolyHighResolution LG6 7070166
1075 AX-89814177 ATGTTTAAAGAAATTGGATAGAAATATAAGAGACC[A/G]AGGTCCAAAGCCGAAAGCTAGTAGAGATCACTGCG codon-based PolyHighResolution LG5 4109683
1076 AX-89815378 TTTGATTTTGATTTTCTTAATTTTTAGGGGTTCTT[C/T]TTTGTAATTAGTTTCTTCTCTCGAAAAAGTTCAAA indel-snp PolyHighResolution LG3 12242073
1077 AX-89815379 GATTTTGATTTTCTTAATTTTTAGGGGTTCTTTGT[A/G]ATTAGTTTCTTCTCTCGAAAAAGTTCAAAGAGGTT indel-snp Other LG3 12242079
1078 AX-89815391 AAAAACAGGTATGCCTTGTGTGTTTGTGACTGTGT[C/G]ACCAGTGCCTTTTTATTTCGGTCATCTTTGATTTC indel-snp PolyHighResolution LG3 1868089
1079 AX-89815451 AAACCTTTGATTCAACCCCTAGTCGAACCATATTA[C/T]ATCTCTTGTAAGTTCTGTTTTACAAGCGATCATTC indel-snp NoMinorHom LG3 428309
1080 AX-89815510 ATAATATCCTACATTTTCCTACCATTTGTGGTCCC[A/T]TTGCTCGTTACAAAACATTTTAGTGTTTAGTTGAG indel-snp PolyHighResolution LG4 25847720
1081 AX-89815513 ACAAAATAAGATAGAGGTTTGATTTGAGATGTTTA[C/T]TATATATGAGACAGAATAACGTACTGTCACGGCCA indel-snp PolyHighResolution LG4 26578515
1082 AX-89815521 CTTTTTCATATGGTGGGTAAAGGGAGAATTCATAA[G/T]ATGCAGAGGCAAATAAAAAACTTACATGTTCTTAA indel-snp PolyHighResolution LG4 27005769
1083 AX-89815701 GACGCCCGAAAATATTTATGAGAAATGAGAGAAAA[A/T]TTTGTTTACAGAAAATGTGGACACTGAATCTGCCA indel-snp PolyHighResolution LG6 37928095
1084 AX-89815759 AAAAGGGAGAGTGTTGGATGCTATTGGAGGATACA[A/G]TATTACCCACCCACTAGCACTGGTGGATATTATAC indel-snp NoMinorHom LG7 19910962
1085 AX-89817299 AACTGGTCCTAAATGTTCCACCACAAGAAGCAAAG[C/T]AAACTTGTCTAGTTGCATTCGCTCAATAGGGGTTG snp PolyHighResolution LG1 19665966
1086 AX-89817683 TCAATATACAAACGGAACCACTTGTGATCTTACAA[A/C]CCAGCCTCGAGAGACTGAGGTATAAGCTATGAACT snp NoMinorHom LG1 2987116
1087 AX-89817720 TTGCAGCAGAAGAACTAGGATATTACCTCGGAAAA[G/T]CATGCATCGCCAAACTGAAAGGAGCAATCCAGCGT snp Other LG1 3158722
1088 AX-89821201 GCAGATGACTGCAGAAGATGAATCTGGGATTCGCA[C/T]ATGGGATCTGAGGAAGCCAAAAGTTCCCATCCAGG snp PolyHighResolution LG2 19408544
1089 AX-89826679 GTATATGACATTGATGTAGGCCTTGAAAATGTAAT[A/C]AAAAATATTAGGACTCAGTTTTGGACATTCCTTGA snp PolyHighResolution LG3 2972283
1090 AX-89827287 ATTTGAGTCCCTTGGTCAAACAACTCTCTCATATA[A/G]TTAGCTTCCACTCCCAGTGCTTTTGCCATGAGGTC snp NoMinorHom LG3 4055307
1091 AX-89828890 TGATTTAGAAAGTGAAAACACAACAAAAATAGACA[A/G]CAAGAGAAGAGAAACCAGGAAAAGATTTAAGAGTG snp PolyHighResolution LG4 13541621
1092 AX-89835467 ACTTGTATGGAGCTGATTATGATGATATCGAGATT[A/G]TAATTCATCCACAATCCATCATACATTCGATGATT snp PolyHighResolution LG5 3178709
1093 AX-89837470 CCCAACTATTATAATCTTCAGGGAGTTACACATGC[A/G]CATATTTCTGAGTACCTTTCAGAGCTTGTTGAGAA snp PolyHighResolution LG6 1272684
1094 AX-89838491 ATGGATGTACGGCCGATGATGGAGGTTGTGAAAGG[G/T]GCAGCCTTTGACATCCTGCAGGTAATTCTTGTATC snp PolyHighResolution LG6 1881162
1095 AX-89841618 GAGAGTGTGAAGCTGCAAGAAGCAGTGAATGTAAT[G/T]GACATGAGGATCGATATGCAACGCATGATGCTGAA snp NoMinorHom LG6 36427993
1096 AX-89842141 AACAAAGAAGGAAACTTACTAAGTGCTTGCTCTGC[A/G]GAAAGTCTCCTGGAAACGTCTCTACACATCATCTT snp PolyHighResolution LG6 551550
1097 AX-89844557 GCTATTGATTTGCATATCATTTACAGCTTTACTGA[C/T]AATATTGAGCTCTTTAGCCTGAACAAACATCAAAA snp PolyHighResolution LG7 18419623
1098 AX-89846957 TTCTGGAGAAACAGGAAAGAGGATTGAGATATGGA[A/G]ACTTAAGAGGACAGGGGTGTGTCTGTTTTATAAGG snp-snp Other LG1 18646026
1099 AX-89847068 CATATCCAGGTTTGAATCTCAACCGACGCTAATTG[A/G]AGCTAAATCTCAATTATTCTTGATGGCTCGAGAAG snp-snp PolyHighResolution LG1 4441891
1100 AX-89847310 AAAGTGATGATTAAAGCCTAGAAAGTAAATACCGT[A/C]TGATCATCTGGGTAACTGCAAAAGATGCATCAAAA snp-snp PolyHighResolution LG2 15696915
1101 AX-89847372 TCTTCATCGAAAAAGAACAAAATTGTGCGGAATCT[A/T]TGGGTCCAGGAGTCCAGCCCAAAATGTCTTATAAG snp-snp NoMinorHom LG2 19257617
1102 AX-89847767 GATAGTAGAATGTTCACCTCCAAAATGATTTTAAT[C/T]CATGCAGATAGACCACTATTATGATTCTTGATCAA snp-snp PolyHighResolution LG3 1713713
1103 AX-89848144 AACATCCGATTTAGTAGAAAATCTGCCAAACACCG[C/T]ATACTCTGGTGACATGTAGCCACTGCATATGAACA snp-snp PolyHighResolution LG3 3237202
1104 AX-89849389 TCGTAATATGTATGCATGATAACGAGTTTGTCTCC[C/T]ATACCATATGGTACAGCATACCTATTGCAAATGTG snp-snp CallRateBelowThreshold LG5 5492729
1105 AX-89850023 TGTACTTAAAGTGAAAGGAAAAAGAATATATAAAA[A/G]AACACATTCATGATAATGGAGTTCCATATTCGCAA snp-snp PolyHighResolution LG6 3013355
1106 AX-89850171 AAACTATCTCCTGTGTAGAATCTCAAGTACGTACT[G/T]TTTATCTTTTTTGAAGTTAAGGCATACATATTTCA snp-snp NoMinorHom LG6 36920853
1107 AX-89850312 TTGTTGGCGTATGCATCACCCCAAGGAACCAGTCT[A/G]AGATTGAGGATGGTGATGAGATCATCATCAAAAAT snp-snp Other LG6 7116752
1108 AX-89850438 TACAAGTAAAAATTAGCTAGTGAATCAGAATGATT[A/T]ACTCACTTTAAGGCCTCCTCCTGAATATAATCGCT snp-snp PolyHighResolution LG7 1182127
1109 AX-89850547 ACTCTCGGATGCCTTAAAAGTTCAGACATCGCCCA[A/G]TCTATAATTGTGTGTGTATCGTTACCAGCAGTAAA snp-snp NoMinorHom LG7 15568275
1110 AX-89850715 TGATGAATCTTGGGGATGATAGCTTCGGACCAGCA[C/G]GCCTATATTTTCCAAAAGTGGAAATTCTAGAGCTA snp-snp NoMinorHom LG7 20883109
1111 AX-89850734 GTGAGCTCTGGAACAGTGAGTGCTCTGTATTGTTG[A/G]GATCCACGAGATGTAAGTGGAGCGAACCCAACCAT snp-snp PolyHighResolution LG7 21692933
1112 AX-89852135 CAAGTGTCCCAAGACCCTAACATGTACTATGGAGG[C/G]TACCCTGCTGGATACGGGAATTACCAGCAGCCGCA mSNP PolyHighResolution LG3 344804
1113 AX-89853404 GCATTGATGTAATCATTATTTTTCTGCAGCATTTT[A/T]TCATCAAATCTATTCACAGGAGAACTGCCACAAGC mSNP PolyHighResolution LG6 29049794










(cM) Bin ID Marker ID Marker Sequence Tag
Marker 
Category Marker Class Chromosome
Physical 
Position
1115 AX-89857915 CAGAATAGACAATATACCAAGATTGAATGAAAAGC[C/T]GGAAGGAAGTCAACTTGGTGTGTCACAAGCAGAAC mSNP PolyHighResolution LG5 2346373
1116 AX-89858758 ACAGCCAAATAGTTGACATCAACTGCAACCTCCCC[A/G]AGATCGTCTGGTAGCAGAATGAAAAGTTTTAGTTT mSNP PolyHighResolution LG6 2063391
1117 AX-89862032 CACCTGATCATTTCAGAGTCTGTTCCGGGAGTAAT[-/TAA]TAATCAAATTCCTAGTTGAACTAGGATCACTCTGA del PolyHighResolution LG6 2555062
1118 AX-89862392 GCGCGAATCTCAAGACCCCGATGTCCGCATTGGGA[-/TCT]TCGTCGCCGTCGTCAACGGCCGGGATGGGAAGTCA del PolyHighResolution LG7 20083533
1119 AX-89862925 CACCAATCTGGGGTCCTAACAAATTGAGAATCCAC[-/ATCG]ATCTAATATTCTTTCTTTTAAACATCCACATCAAT ins PolyHighResolution LG2 19473507
1120 AX-89862975 CAAAAATAAAAATCTGCTCGAGCTCCGGATACCAT[-/TAC]TTGAGAATATAAGGAATAGATAGTTACCATGTGAG ins PolyHighResolution LG2 21597897
1121 AX-89863707 ATGGGATCATTCTCTGAAGGTGGATTTGCAGAATG[-/GAC]GACATGTATGGACTTCTTTCCTCTATGTTTTCATG ins PolyHighResolution LG4 26224741
1122 AX-89864068 TCTCTTTTCCATTCTTCTTTGGGTAAAAGTAAAAC[-/AGCT]AGCTAGAACATTATTGTAAGCTAAGCAAGATGAAT ins PolyHighResolution LG5 5488408
1123 AX-89864464 TTATTACAACCCGCAGCAGCGTGCGGGTACGCACC[-/TTG]TTGCATATATATCTATAATACTCAGATTGGGCCTT ins PolyHighResolution LG6 33519848
1124 AX-89864785 TCTACTATCATATTATACTTCCGGTAAAAGAAAAA[-/AAC]AACAACTTTCTATGAAGTCAATCTTAATGCATTCC ins PolyHighResolution LG7 18289523
1125 AX-89864822 AATGCCATTTGTTGATGTGAAATGGGTAATAGCAC[-/ATG]ATACCGACGACTAAGCAGAAATAGGGTTCTGTTAT ins Other LG7 19921479
1126 AX-89865033 TCAGTTCCACAGGTGGGCAGGTTCCCATTCTCGTC[C/T]GAAAACGTGAGACCCAGCTGAATCAACTTCAACAG F1Dsnp PolyHighResolution LG1 166732
1127 AX-89866296 ACTGCCCCCATATCATCGTCAGACACATTCCTCGG[C/T]GAACTGCGTACAGATGGCAAATTGCGATCATTAGC F1Dsnp PolyHighResolution LG5 5589234
1128 AX-89867026 TTAGAGAAGATAATGTTTGTAGAAGTATCATTATT[A/G]AGCTTACCATTAACTCATGCAATGGAACCTTCACC snp-in-del PolyHighResolution LG1 235160
1129 AX-89867068 TGTAATATCAAAACTCTTACTCTTGAGACAATTAT[A/T]TATATTAGTCATGAGGTATGTTTCACAGTAAACTA snp-in-del PolyHighResolution LG2 18607795
1130 AX-89867231 GTGCCCCTCAGTTTGCCATTAGGCTTGCAGAGACT[A/T]CTTCTATTCAATGCCTATCTCACCAGTGTCCTTCC snp-in-del NoMinorHom LG5 18508606
1131 AX-89867500 AGCAGAAGTCTAGAAGAACACTAAACATGGTACTC[A/G]TGAGTTGTGACATAACACAGCCGCACTAATAAGCA SNPinIns PolyHighResolution LG1 4271859
1132 AX-89867504 AAGATTGTCGGGTTCAACAAAATGGATGGCCTTAC[A/G]AGCGAGATGATTCATAAATTTGTCGATATAAATAT SNPinIns PolyHighResolution LG1 4396142
1133 AX-89867916 AAGTCTATCATCCAACTTAATCATTTTTCAGTCTG[A/T]TTAACCAGTTTTTAACTTTAATTCTCACTCTAAAT SNPinIns Other LG3 2124705
1134 AX-89868246 TCCTGCTAAAATCCAGCGAGTATACCTCAAAATAA[C/T]GTGTTACAAGCACAGCATCTGGTTTGGGAAGCTCT SNPinIns NoMinorHom LG4 24906449
1135 AX-89869083 AAATACATAAAGTGCTTCCCAAATCTATTTGATAT[G/T]ATATATATGCCAGTATTCTTATTGTCCTCTACTTA SNPinIns Other LG7 18771350
1136 AX-89869400 GTGAATCTGAATCTGATACGATCAGGCGAATCTCC[A/G]TTCCCGATTCAAATTTGCGCTACAACAGCCTTGCC codon-based NoMinorHom LG1 2825937
1137 AX-89869500 GAAAACTCAGTGAAACAGGTGGGTGTTTGGAGGCC[A/G]TGAATGCTTATTCTCACTTGTTCTTCACGTCACTC codon-based PolyHighResolution LG1 7373781
1138 AX-89869846 ATGGGTCTGTTTGAGTTTCACCTAAAGGTGACGCC[A/G]ACGATTAAAACGGTCGTGCAGTTTACTCACACAAA codon-based PolyHighResolution LG2 5852585
1139 AX-89870045 ATTCCCTGGAGACGCATCAGATTCTGAATTCGAGT[A/C]GGAGTCCACCATAATTTCTGAAATGCCTGAATCAG codon-based NoMinorHom LG3 17178870
1140 AX-89872089 GATCACAGGAGCTTTTTCAGAGGAAGACATTGTCC[A/C]AAATCGATTAGGGCTTCGAAGAGAACTGTGGCTCA codon-based NoMinorHom LG7 20311124
1141 AX-89872257 AATCAAGGTTCATTTGTTTTGTTAATTAGTTAAGT[A/G]CTAATTGTTTCTTTATCAAATCGATTAGATGGTGC indel-snp PolyHighResolution LG1 15463870
1142 AX-89872380 GGAAGGGAGAGAGAAGAAAAGAAAGCGACAGAGAG[A/T]GGAGATGATGAAGAACAAGACCACCTTGTTGTTCC indel-snp PolyHighResolution LG2 7800920
1143 AX-89872679 TTCACGTGTAAAAGTTTTATAAATAAAGAGGCCCT[A/G]TGAAGATTTTTATGAATTCAAGTCAAATTGGAATT indel-snp PolyHighResolution LG5 7229154
1144 AX-89873903 CTTCAAAGCTCGGGGTGCCATGTTCGTCTGGGGTG[C/T]CATATTCCTCTTATCCGGAAGTGATTTCTTCCTCA snp Other LG1 16919455
1145 AX-89875897 TCCAAGCTGTTCACTTCAACCCATCTGCTCAACTC[C/T]CCATCACCCCATTCCAGCTTGTAAACCTTAAAATC snp PolyHighResolution LG1 7403461
1146 AX-89876277 AGGTCTAAGGGGACCTTGTATCTAAGTAGATACAC[C/T]ATGATGGATTTTTTCTGGACCAGTTCTGCGCTCAG snp PolyHighResolution LG1 8812053
1147 AX-89878340 ACTACTGATGGGGAGATGAACTTTATTGGGTATAC[A/C]AGTATTGCCTACTCTGGAGTGTATGATGCTGATTT snp NoMinorHom LG2 19438895
1148 AX-89879061 TCCAAGTCGTGATCACGATTTTTGCAGATGTCACA[A/G]TAAGTGTATTTGGAAGCATTTGGTTCTTCTATTTT snp NoMinorHom LG2 22098699
1149 AX-89882643 GAAGAGAGGATTGGTTCAGGGACATTGCTTGGGAC[A/G]ACTCACACTTATGTTGTTGGTAGTGGCACACAAGA snp PolyHighResolution LG3 2329754
1150 AX-89883847 TGAAACCCACCCTTATCCTGGTCCTGGTTTCTATC[A/G]TTGTAGTGCGGTACTGCACCATGGTTTTGCTGATC snp PolyHighResolution LG3 2984828
1151 AX-89884670 GATCAACATCAAGCCTCCACGGCCCTTGGTCAACC[C/T]TCGTCTTCAACAAATCAAAACTTTTATCAAGTTCT snp PolyHighResolution LG3 5279348
1152 AX-89884994 TTGAAAGAGGCACCCCGCACAAGGATGGATTGCCA[G/T]CATAAATGGATGAATCATCGAGTGTTTGAAGTTGG snp PolyHighResolution LG3 6954193
1153 AX-89885240 TAGGAAAGAACCGTAAACTACTTCTGTGGTGGAGT[G/T]TAGCACGCCAGCTCTAGTGTAGTAGAATCCAATAT snp NoMinorHom LG3 79894
1154 AX-89885875 GGGAAGTCGCCGGAATTCGGCGGCCGATTCCGGCA[A/G]AGAGCTGAGAAGGCAGTGTTCGACTTTTCCTTACG snp OTV LG4 12343846
1155 AX-89885943 CCGGTGAGATTGTCATTCAACAGAATAATCTCGTT[A/G]AGAGTCTTCCACATGTTGCCGATGCTACCAGGAAT snp PolyHighResolution LG4 1289999
1156 AX-89888416 TCCCCACCATCGGAGACATCACCCCATCACCACCC[A/G]CATTCAAATCCCAAGACCCTCTTCTACTCGGCTTC snp PolyHighResolution LG4 26611782
1157 AX-89889401 TCCTAAAACCAGAAGCGCTGCTCCTCCTCCTCCCA[G/T]GAGGTTCCAACAGACCCATAATGTCAGAGACTCAG snp PolyHighResolution LG5 1017640
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1159 AX-89894923 GGTAGTCAAAGCCAAAATCAGCAAAGCTTGTTGCG[G/T]TAGCAACAACAGATGCCATTGAGGGATAGATGCGG snp PolyHighResolution LG6 14051815
1160 AX-89898111 AAGGATTCCATTACATGTATATCTGAGACAATCTT[C/T]TCTGAGATCAACAATCCAAGTGGGAGATGATGAGC snp PolyHighResolution LG6 32808038
1161 AX-89898373 GATAGGTTTACGATTGACCTTGGTATGGTTGTTTT[A/G]GCACTCTCTTGGTTTATTTTCTTCCATGAATGGCA snp NoMinorHom LG6 34092803
1162 AX-89898582 CTCGTGATGTATTCGGCTCTAGCTCTAGAAGGAGT[A/C]TACGATGGAGGCCATGAGAGGAGAATTAGGAAGCC snp PolyHighResolution LG6 3494309
1163 AX-89900853 TGGTCACAATAAAAGGACCAATGGAGAAATCAAAT[A/C]TAGTCTCTGCGTCTTTGGTATGGGATGATGGTGCT snp NoMinorHom LG7 13468171
1164 AX-89901881 GAGCACGAGAGAGAGTCCAGTCTAGTTCTGATGTA[C/T]CTTCATCTGGTCAAAACCATAACCAGATGGCATCA snp PolyHighResolution LG7 18542788
1165 AX-89901946 ACCATTCGGTCACAGCCTATAGCATCATGCATGAA[G/T]AGACCACACCTCTTACAAAAACCTTTCACCTTCTC snp NoMinorHom LG7 1885661
1166 AX-89902206 TATTCGGTCGGCGAGTGGTCCACTACCGGCAGCGA[C/T]GGAAGCCTTTGTGACCATTTCCGTATGGCTAGGGT snp PolyHighResolution LG7 19887908
1167 AX-89902428 AGAATATGTTATCCTGAGACTACAAGGTCCCAGAT[C/T]ATCAGGGAGCAGATAGCTACACCAAATGCAAAATA snp NoMinorHom LG7 20895786
1168 AX-89904250 ATGGCCAGTTTCATAGCTATATCAAACTGCCTAGT[A/G]GGGGATAAGCTACACGCTAATTCTTAGTCATTTAT snp-snp PolyHighResolution LG1 403783
1169 AX-89904353 GGTTGCATCTAGCTGTATGATTATACATATTGATC[C/G]ATAACGTGCTCATGCAATGAACGTAAGTCTCTTTA snp-snp OTV LG2 10918831
1170 AX-89904480 TCAAATGAATCGCAAAAAGACAATTTATCTTTTTT[C/G]TTTCTGTGCGTTTTTGTCTAGACAACTCCATACAC snp-snp PolyHighResolution LG2 18964607
1171 AX-89906183 AAGTTTTCTGAAGTTGAGATATCAAAACTTTGCTT[A/C]TCTAAAAGATGAGACACTGTTTAAAATTTTGGTTC snp-snp PolyHighResolution LG6 2329398
1172 AX-89906416 ATTACAAGTCCAAGATGAAGCTTTTCAACCCCTTT[C/T]GTAGCTGCAAAACGAATCCAATCATCAAGGATGAC snp-snp NoMinorHom LG6 36308135
1173 AX-89906448 CCGCCAATAGTGTAACACCACTTGACTGCAAAAGC[A/G]CAAAAGGGACATGTAATTAGAGGATTGAAATAAAG snp-snp PolyHighResolution LG6 37193767
1174 AX-89906528 TGATGAACATGGGTATCAACTTTCCTAACATTATA[A/G]AAATCACGATGTGGGGCACTTTTTTGGGCCAGAAA snp-snp CallRateBelowThreshold LG6 6925513
1175 AX-89906742 ATGCATGAAGTTTAAGAGACCCGGAGGGTTTAGTA[C/T]GTAGGTGTTGTAGAAATTATATGGGAGGTATATCT snp-snp PolyHighResolution LG7 18393737
1176 AX-89906756 TAACAAAACGGAATCCAAACAAAAGTAATCGACCG[C/G]AAAAGGTAAACTGACCTGAGGATTTGATCGGTTGT snp-snp PolyHighResolution LG7 19124254
1177 AX-89906843 CTACAAATGTGAATCTAGTATGTAAAATTGACATC[A/G]CTATAGTACAAATATTGTGTATGTTTTTGAGTTTG snp-snp PolyHighResolution LG7 3689170
1178 AX-89910117 GGATATTCTTTCATCTGTAGCAAATACCCAACCAA[A/C]GTTTGTGCCTGCAGATGAGTAATTCTCTTCCAAGG mSNP NoMinorHom LG1 11793832
1179 AX-89911226 CTCCTCCTGATCAACCTCCGCCTGATCAACCTCCA[A/G]ATCCAAATAATGACCATCATGTCTTATATCAAATT mSNP OTV LG2 19653703
1180 AX-89911394 AGTTTCCGGCCGGTGGTGACGTGCCGGAAGAAGGA[A/G]ATACACCCGGAGTTCTACGAGGACGCCAAAGTGTA mSNP PolyHighResolution LG2 22438922
1181 AX-89912602 AAAGCTTGCCTCAACCCTACCCGAATCCCATTGCC[A/G]GTTCTAATGCGACCTCTCAACCTTGCTCGTGTTAT mSNP PolyHighResolution LG3 689059
1182 AX-89912670 GGCGGATACTGCATTGGTGTTGGTTGTGGTGGGTA[A/G]TGTAGAGGCTGCAGGTAAGGTGGTGATGGTTGTGG mSNP NoMinorHom LG3 8852712
1183 AX-89914472 GCTATAACCAAAACTATCAACAGAAATGACTCACC[G/T]GTCGCAAAGGAAGGCCTATTGGACTCAAAACACAA mSNP PolyHighResolution LG6 1426247
1184 AX-89915971 CATCCTCTTCTCCATGACTTCAAAGCCCTGGAAGG[C/T]CAAACTTCTTCATCATCATGCTCCATAGAAAAGGC mSNP PolyHighResolution LG7 17905014
1185 AX-89916002 ATCTGAAGACCTCTAGTATGCATGAAATCAGTCAA[A/G]GTTCGACCATCAACTGGTGAAAGTTCCAACGAACC mSNP NoMinorHom LG7 1868222
1186 AX-89916096 AAGAAGAAAGAGAGAAATATTGAAGGGAAGAAGAT[G/T]GTTTCTGAAGGAATTGATGCGTCCCAAGGACAAGT mSNP NoMinorHom LG7 20250406
1187 AX-89916137 GCCTACCGAGACCGTTCGAAAGATTCTTCATAAGG[A/C]TGAGGACTTCTATATTGCAAGACCATCATTAAGTT mSNP PolyHighResolution LG7 21290266
1188 AX-89916381 TTGAAGTCACATATTCCTACTTCAAGGAGCCTCCA[A/C]AATCTTACTTCTAGATTGAGGAGAAAATTTTATAT mSNP PolyHighResolution LG7 9762221
167
MarkerSource:
1189 01H23 Qian Zhang
1190 F3'H_2F1R Lise Mahoney
1191 Adh_SSR Thomas Davis
1192 5s-Bo Bo Liu
1193 08G19 Qian Zhang
1194 Superman-like1 Ben Orcheski












Tables D-3 SNP Array locus genotype frequencies.  
Segregation data is listed for linkage groups 1-7, with loci ordered primarily from least to greatest 
significance within each linkage group.  Note that the level of significance (p-value of < 0.05) is denoted 
here with two asterisks (**) reflecting a JoinMap (van Ooijen 2006) convention. Loci that have missing 




LG1 Locus Position a h b X2 Signif.
B150-03 95.621 16 25 9 1.96 -
B086-03 103.035 17 24 9 2.64 -
B096-19 23.97 14 28 8 2.16 -
B060-02 26.021 14 28 8 2.16 -
B020-13 22.96 13 29 8 2.28 -
B116-05 99.888 17 25 8 3.24 -
B055-13 27.031 14 29 7 3.24 -
B135-05 30.136 17 26 7 4.08 -
B072-04 90.297 17 26 7 4.08 -
B173-04 42.787 19 22 9 4.72 *
B079-02 39.651 19 23 8 5.16 *
B170-02 89.277 18 25 7 4.84 *
B023-05 44.839 20 22 8 6.48 **
B112-03 33.24 20 23 7 7.08 **
B154-02 45.849 20 23 7 7.08 **
B051-03 34.261 21 22 7 8.56 **
B168-04 46.859 21 22 7 8.56 **
B087-05 74.352 21 22 7 8.56 **
B149-05 86.151 20 24 6 7.92 **
B002-04 55.861 20 30 0 18 ****** 
B131-02 5.524 0 42 8 25.68 *******
B123-03 0 0 41 9 23.72 *******
B003-03 54.821 21 29 0 18.92 *******
B164-02 63.952 23 27 0 21.48 *******
Genotype totals 402 637 161 Total Sig.= 12





LG2 Locus Position a h b X2 Signif.
B099-06 49.857 16 24 10 1.52 -      
B064-03 51.919 15 26 9 1.52 -      
B100-02 47.816 17 24 9 2.64 -      
B165-02 44.722 20 21 9 6.12 **     
B101-02 40.51 22 21 7 10.28 ***    
B097-05 29.026 27 19 4 24.04 *******
B080-02 26.964 27 19 4 24.04 *******
B159-04 23.86 30 16 4 33.52 *******
B098-02 21.819 29 18 3 30.96 *******
B081-02 2.03 25 23 2 21.48 *******
B115-03 12.3 28 21 1 30.44 *******
B092-02 11.29 29 20 1 33.36 *******
B158-03 9.249 27 22 1 27.76 *******
B093-08 8.239 26 23 1 25.32 *******
B057-06 4.082 26 23 1 25.32 *******
B024-45 1.02 25 24 1 23.12 *******
B163-02 18.715 29 21 0 34.92 *******
B174-02 7.229 26 24 0 27.12 *******
B018-04 0 25 25 0 25 *******
Genotype totals 469 414 67 Total Sig.= 16





LG3 Locus Position a h b X2 Signif.
B136-06 0 19 24 7 5.84 *      
B073-03 1.01 20 23 7 7.08 **     
B094-03 2.021 21 22 7 8.56 **     
B151-02 33.571 22 21 7 10.28 ***    
B084-03 10.572 23 18 9 11.76 ****   
B111-08 9.562 23 19 8 11.88 ****   
B074-03 34.581 23 20 7 12.24 ****   
B083-05 79.365 22 24 4 13.04 ****   
B137-02 44.528 23 23 4 14.76 *****  
B138-04 78.345 22 25 3 14.44 *****  
B156-02 76.241 21 27 2 14.76 *****  
B139-05 69.787 18 31 1 14.44 *****  
B103-07 68.746 19 30 1 14.96 *****  
B114-02 45.548 24 22 4 16.72 ****** 
B148-13 74.211 20 29 1 15.72 ****** 
B091-03 64.563 21 28 1 16.72 ****** 
B075-04 75.221 21 28 1 16.72 ****** 
B113-04 67.705 19 31 0 17.32 ****** 
B019-11 66.654 20 30 0 18 ****** 
B162-02 73.19 20 30 0 18 ****** 
B061-03 46.568 25 21 4 18.92 *******
B160-04 50.923 25 23 2 21.48 *******
B152-02 58.326 23 26 1 19.44 *******
B102-05 62.47 23 26 1 19.44 *******
B030-16 61.429 24 25 1 21.16 *******
B004-42 65.614 21 29 0 18.92 *******
B013-04 20.58 23 27 0 21.48 *******
B012-02 24.782 23 27 0 21.48 *******
B025-22 57.316 23 27 0 21.48 *******
B005-02 60.408 24 26 0 23.12 *******
B009-14 55.222 25 25 0 25 *******
Genotype totals 680 787 83 Total Sig.= 30







LG4 Locus Position a h b X2 Signif.
B029-05 98.394 11 20 19 4.56 -      
B067-03 102.65 13 20 17 2.64 -      
B028-04 105.776 14 19 17 3.24 -      
B153-02 109.999 15 19 16 2.92 -      
B027-06 22.381 15 21 14 1.32 -      
B062-10 27.637 17 20 13 2.64 -      
B066-04 18.235 15 23 12 0.68 -      
B088-06 19.245 14 24 12 0.24 -      
B026-23 26.627 17 21 12 2.28 -      
B054-18 28.647 17 21 12 2.28 -      
B065-04 90.767 8 21 21 8.04 **     
B157-03 91.797 8 22 20 6.48 **     
B008-13 0 17 33 0 16.68 ****** 
B118-04 51.685 0 38 12 19.28 *******
B129-02 58.453 0 38 12 19.28 *******
Genotype totals 181 360 209 Total Sig.= 5
Missing genotypes 2 0 1
LG5 Locus Position a h b X2 Signif.
B031-04 15.35 21 19 10 7.72 **     
B076-03 17.391 20 21 9 6.12 **     
B140-05 11.126 21 21 8 8.04 **     
B143-03 23.757 21 21 8 8.04 **     
B142-02 34.488 20 25 5 9 **     
B032-04 42.251 18 28 4 8.56 **     
B141-02 64.681 16 30 4 7.76 **     
B058-02 22.736 22 20 8 9.84 ***    
B161-02 30.319 21 23 6 9.32 ***    
B105-02 9.064 23 19 8 11.88 ****   
B014-02 46.518 18 32 0 16.88 ****** 
B130-03 105.67 0 41 9 23.72 *******
B134-02 104.66 0 42 8 25.68 *******
B125-02 90.289 0 45 5 33 *******
B010-04 0 23 27 0 21.48 *******
Genotype totals 244 414 92 Total Sig.= 15





LG6 Locus Position a h b X2 Signif.
B036-03 78.426 20 21 9 6.12 **     
B077-05 0 20 25 5 9 **     
B037-04 74.202 22 21 7 10.28 ***    
B038-03 73.192 23 20 7 12.24 ****   
B167-02 58.307 25 19 6 17.32 ****** 
B106-06 47.038 25 20 5 18 ****** 
B171-02 57.296 25 20 5 18 ****** 
B022-03 11.887 22 27 1 17.96 ****** 
B063-04 51.152 28 16 6 25.84 *******
B120-04 52.163 27 17 6 22.76 *******
B107-05 59.317 26 18 6 19.92 *******
B089-04 61.368 28 16 6 25.84 *******
B133-04 48.059 26 19 5 20.52 *******
B121-03 54.225 26 19 5 20.52 *******
B104-03 55.245 27 18 5 23.28 *******
B144-05 44.997 26 20 4 21.36 *******
B059-12 40.893 24 24 2 19.44 *******
B035-04 41.904 25 23 2 21.48 *******
B034-45 38.873 23 26 1 19.44 *******
B007-15 39.883 24 25 1 21.16 *******
B021-06 17.356 22 28 0 20.08 *******
B155-02 26.636 22 28 0 20.08 *******
B095-03 27.657 21 29 0 18.92 *******
B040-04 28.667 22 28 0 20.08 *******
B108-04 29.677 23 27 0 21.48 *******
B082-03 31.718 23 27 0 21.48 *******
B039-27 34.812 24 26 0 23.12 *******
B041-09 35.822 23 27 0 21.48 *******
B001-03 36.832 24 26 0 23.12 *******
Genotype totals 696 660 94 Total Sig.= 29







LG7 Locus Position a h b X2 Signif.
B049-11 49.068 10 29 11 1.32 -      
B033-19 53.14 8 31 11 3.24 -      
B147-04 54.15 7 32 11 4.56 -      
B052-06 44.986 13 27 10 0.68 -      
B146-03 47.027 11 29 10 1.32 -      
B050-33 50.078 10 30 10 2 -      
B053-25 51.099 9 31 10 2.92 -      
B078-06 38.841 17 25 8 3.24 -      
B068-08 39.851 16 26 8 2.64 -      
B145-02 41.892 14 28 8 2.16 -      
B110-05 37.831 17 26 7 4.08 -      
B056-06 36.821 17 27 6 5.16 *      
B085-04 34.78 19 25 6 6.76 **     
B042-02 32.728 20 25 5 9 **     
B069-05 27.371 21 24 5 10.32 ***    
B044-08 0 25 20 5 18 ****** 
B048-02 16.907 25 20 5 18 ****** 
B043-06 23.126 24 22 4 16.72 ****** 
B045-03 5.402 29 15 6 29.16 *******
B090-10 14.866 26 18 6 19.92 *******
B172-02 12.783 27 18 5 23.28 *******
B071-02 15.897 26 19 5 20.52 *******
B166-02 17.917 26 19 5 20.52 *******
B046-03 7.474 29 17 4 30.12 *******
B047-02 11.763 27 19 4 24.04 *******
B070-09 21.075 26 20 4 21.36 *******
B128-03 62.358 0 39 11 20.52 *******
B109-03 63.379 0 40 10 22 *******
B122-03 65.493 0 42 8 25.68 *******
B126-03 75.873 0 45 5 33 *******
B169-03 72.652 0 46 4 35.92 *******
B006-03 99.342 8 42 0 25.68 *******
B015-04 100.362 9 41 0 23.72 *******
B016-02 101.372 10 40 0 22 *******
Genotype totals 526 957 217 Total Sig.= 22
Missing genotypes 5 0 3
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